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TRYPSINOGEN-KINASE IN ASPERGILLUS ORYZAE 
VY. ON THE MECHANISM OF ACTIVATION 


By KAZUO NAKANISHI 
(From Takamine Laboratory, Sankyo Co., Lid., Tokyo) 


(Received for publication, February 4, 1959) 


It was previously reported that aspartic acid was liberated in trypsinogen 
activation by the trypsinogen-kinase found in Aspergillus oryzae. In a later 
investigation on the purification of this enzyme, this trypsinogen-kinase was 
identified as an acid-protease. Various proteolytic properties of this enzyme 
have also been investigated (/). The mechanism of the trypsinogen activa- 
tion is of considerable interest from the standpoints of the chemical structure 
of proteins and of the enzyme chemistry. Desnuelle (2) postulated that 
a Val-peptide was cleaved off from the N-terminal of trypsinogen in its 
activation. Neurath was able to demonstrate that in the activation of 
trypsinogen by trypsin (3) or in the autoactivation of trypsinogen (4), Val- 
(Asp),-Lys was cleaved off from the N-terminal of trypsinogen. Yamashina 
(5) found a similar cleavage of a Val-peptide in the activation by enterokinase. 
Both the kinase and trypsinogen used in the author’s previous investigations 
on the mechanism of activation were crude preparations. In the present 
study, this activating mechanism was reinvestigated with purified materials 
and was compared with that by trypsin or enterokinase. 


EXPERIMENTALS 


T rypsinogen—G.B.1. trypsinogen crystals, sufficiently dialysed against 2x10? N HCl, 
followed by lyophilization. Trypsin activity of this preparation was practically none. 
As the N-terminal, no amino-acid other than valine could be detected by the DNP 
method. When activated, it exhibited the same activity as that of trypsin crystals. 

Trypsinogen-kinase—Purified samples obtained by the ion exchange resin method as 
previously described. (J). 

Determination of Total Amino-acid—Stein-Moore method (6). 

Determination of Respective Amino-acid—Microbioassay method. 

Determination of Trypsin—The same method as previously reported. 

DNP Method—DNP-protein was obtained by Sanger’s method (7), hydrolysed, ex- 
tracted with ether, and the ether solution was analysed for DNP-amino-acid by paper 
chromatography method of Blackburn (8). 


Experiment I. Determination of Trypsinogen Activation and of 
Total Ninhydrin-Positive Products 


Trypsinogen was mixed with trypsinogen-kinase while being cooled with 
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ice water, and was activated at 0°. At suitable intervals the amount of 
ninhydrin-positive products in the 5 per cent TCA soluble fraction was 
determined. At the same time, the amount of activated trypsin was measured. 
The results are shown in Fig. 1. In both cases, activated trypsin and total 
ninhydrin-positive products showed a parallel increase, without any of the 
complicated reactions, e.g. secondary decomposition. 
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Fic. 1. Determination of the trypsinogen activation and of the 
total ninhydrin positive products. 

Trypsinogen, 42 mg., was dissolved in 6ml. of Walpole buffer 
solution, pH 3.5, and was mixed with 6 ml. of trypsinogen-kinase aqu- 
eous solution while being cooled with ice water, and activation was 
carried out at 0°. At suitable intervals, 1 ml. of this solution was 
taken, mixed with 2ml. of 7.5 per cent TCA and filtered after stand- 
ing at 35° for 30 minutes. The amount of ninhydrin-positive products 
in the filtrate was determined. At the same time, the amount of 
activated trypsin was measured. (+): kinase 5yg./ml., (xX): kinase 
15 yg./ml., (——): ninhydrin-positive product, (----): trypsin. 


Experiment II. Paper Chromatography of the Ninhydrin-Positive Products 


Activation was carried out under the same condition as shown’ in 
Experiment I. At suitable intervals Amberlite IR-120 (H-form) was added. 
The pH of the solution decreased to 1.4. In preliminary experiments it was 
found that under these conditions all amino-acids were completely adsorbed 
and the activation of trypsinogen-kinase ceased to occur. The resin was then 
adequately washed with water and extracted «twice with NH; aq. The 
extracted solution was evaporated to dryness under reduced pressure. One- 
dimensional paper chromatography was then applied to this sample. As 
shown in Fig. 2, no spots appeared at the zero hour. At the points of 19, 
63 and 91 per cent activation three similar spots corresponding to valine, 
aspartic acid and lysine were observed, of which the spot corresponding to 
aspartic acid appeared to be the largest. With progress of activation, ie 
relative color intensities of these three spots showed no observable change, 
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and the color intensity in general became stronger as a whole. 
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Fic. 2. Paper chromatography of the ninhydrin- 
positive products. 70mg. each of trypsinogen was dis- 
solved in 20ml. of 5-times diluted Walpole buffer 
solution, pH 3.5, and 50yg. of kinase was added to 
each solution and activation was carried out at 0°. 
After 0, 0.5, 2.5 and 5 hours 4g. of Amberlite IR-120 
(H-form) was added and the mixture was shaken at 
room temperature for | hour. The resin was then washed 
with water and extracted twice with 15ml. of 5N 
NH,OH. The extracted solution was evaporated to 


dryness under reduced pressure. One-dimensional paper 
chromatography was applied with buthyl alcohol; acetic 
acid: water (4:2: 1). 


Experiment III. Determination of Amino-acids 


In Experiment II, three spots were observed in the chromatograms 
corresponding to valine, aspartic acid and lysine. The amounts of these three 
amino-acids were determined. Under the same conditions as shown in 
Experiment II, the evaporated residue was subjected to analysis by the 
microbioassay method before and after hydrolysis. The results were shown 
in Table I. When converted into molal ratio, Val: Lys: Asp becomes 
28 79.09; 


Experiment IV. The N-Terminal Amino-acid of Trypsin Obtainea 
by Trypsinogen-kinase Activation 


Following complete activation by the method described in Experiment IH, 
smallmolecular weight substances were removed by adequate dialysis against 
2x10-? N HCl. DNP-trypsin was obtained by the established methods, and 
was hydrolysed. DNP-amino-acids were extracted with ether, and the ether 
solution was analysed for amino-acids by paper chromatography. Spots 
corresponding to leucine and to a minute amount of valine were observed. 
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Leucine and isoleucine could not be differentiated by this method. 


TABLE [| 


Determination of Amino-acids 


Valine 


Aspartic acid | Lysine HCl 


Before hydrolysis 5.2 (48) o (48) | 6.6 (8+) 
After hydrolysis* 19.4 78.0 | 38.7 
| | 
; 7 7 zi a 7 | 
Molar ratio after | 
Nee | 1 3.53 | 1.28 
= | 


Under the same conditions as shown in Experiment II, samples 
were taken at the point of 60 per cent activation. The evaporated 
residue was dissolved in 20 ml. of water and subjected to analysis by 


the microbioassay method before and after hydrolysis. 
* with 3 N HCl for 8 hours at 120°. 


Experiment V. Comparison of Trypsins Activated by Trypsin 


and by Trypsinogen-kinase 


Complete activation of trypsinogen by trypsinogen-kinase and by trypsin 


was performed at pH 3.5 and 8.0 respectively and activated 


trypsins were 


lyophilized. Then, casein was hydrolysed by both of the trypsins. As shown 
in Fig. 3, no difference could be seen in the two hydrolysis curves and in 
the cross experiments. Trypsin obtained through the action of trypsinogen- 
kinase also readily hydrolysed benzoyl-Arg-NHz, the specific substrate of 


trypsin. (Table II) 


TABLE II 


Hydrolysis of Benzoyl-Arg-NH, with Both Trypsins Activated 
by Trypsin and Trypsinogen-kinase 


Hydrolysis (%) 
Trypsin activated by trypsin 84 
Trypsin activated by trypsinogen-kinase 86 
Benzoyl-Arg-NH, 3x10 M 1 ml. 
pH 8.0 buffer 1 ml. 
Trypsin 200 pg./ml. 1 ml. 


After hydrolysis at 30° for 24 hours NH, was 
measured by Conway’s micro-diffusion method 


(9). 
DISCUSSION 


Neurath observed that many amino-acids were liberated 


in the process 
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of the trypsinogen activation but among them only the amount of Val-(Asp),- 
Lys showed an increase in parallel with the progress of activation. He is in 
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Fig. 3. Hydrolysis courves of both trypsins activated by trypsin and 
by trypsinogen-kinase. 

To 20ml. of 2 per cent casein M/10 Na,HPO, solution, 40ml of 
water was added and hydrolysis was carried out at 35° by 1.3 mg. of 
trypsin which corresponded to 1 mg. of trypsin crystals. After 7 hours, 
(7), 1 mg. each of trypsin was added to each 35ml. of the reactive solu- 
tion and hydrolysis was allowed to continue for 10 more hrs. to ensure 
complete hydrolysis. Next (f), to each 20ml. of the reactive solution, 
500 wg. of trypsins were interchanged and added. At suitable intervals, 
samples were tested by Stein and Moor method. 


by trypsin, ---- by trypsinogen-kinase. 


the assumption that the liberation of other amino-acids was the result of 
secondary autolysis of trypsin. In the present study, ninhydrin-positive 
products increased proportionally to the progress of activation and no other 
spots in the paper chromatograms of the produced amino-acids were observed 
except for three spots corresponding to valine, aspartic acid and lysine. With 
the progress of activation, the relative color intensities of these three spots 
showed no observable change, and the color intensity in general became 
stronger as a whole. These observations suggest that these three spots are 
not the result of irregular hydrolysis. Analysis for valine, aspartic acid and 
lysine in 60 per cent activated solutions showed that valine and lysine in 
amounts of 5.2 wg. and 6.6 wg. respectively were formed while absolutely no 
free aspartic acid was observed before hydrolysis with HCl. After hydrolysis 
the amounts of valine, lysine and aspartic acid increased to as much as 19.4 
pg., 38.7 vg. and 78.0 ug. respectively. From these results, it is assumed that, 
of the amino-acids produced in the activating process, valine and lysine exist 
as peptides for the most part and partly in the free state, and aspartic acid 
is present in a combined form but not in free form. The amounts of valine, 
lysine and aspartic acid after hydrolysis showed a molar ratio of 1: 1.28: 3.53. 
This value approximates to the ratio, 1:1:4, of peptides obtained by 
Neurath. 
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From the results obtained in this study, the mechanism of trypsinogen 
activation may be presumed as follows. When trypsinogen is activated by 
trypsinogen-kinase, initial release of Val-(Asp),-Lys takes place rapidly, fol- 
lowing the production of trypsin containing a N-terminal isoleucine. Next, 
Val-(Asp),-Lys is partly and gradually split into Val, (Asp), and Lys through 
the specific action of trypsinogen-kinase but (Asp), is not further hydrolysed. 
As (Asp); and Val-(Asp),-Lys seem to have the same Rf. as aspartic acid, 
three spots, corresponding to valine, aspartic acid and lysine, are obtained on 
the paper chromatogram. At pH 3.5 which is far from the optimum pH of 
trypsin, the activated trypsin becomes stable so that no secondary decomposi- 
tion by trypsin occurs. 

As the N-terminal of trypsin produced through the activating process 
mentioned above is isoleucine, this trypsin is perfectly identical to the trypsin 
activated by trypsin or by enterokinase in respect to their chemical structures. 
Furthermore, the enzymatic actions are completely identical as demonstrated 
by the hydrolysis of casein and benzoyl-Arg-N H,. 


SUMMARY 


1. In the activating process of trypsinogen by trypsinogen-kinase, the 
compound Val-(Asp),-Lys is initially produced. 

2. Val-(Asp),-Lys is further hydrolysed partly into valine, (Asp), and 
lysine. 

3. The activated trypsin is identical with the ordinary trypsin in respect 
to its enzymatic activity. 

4. The previous statement that aspartic acid is liberated in the activa- 
tion, is now revised herein to the conclusions given above. 


The author wishes to express his thanks to Prof. Akabori of Osaka University 
for his kind guidance. 
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STUDIES ON HOMOGENTISICASE 
Ill. KINETIC STUDIES ON THE ENZYME ACTION 


By KEIKO TOKUYAMA 


(From the Institute for Protein Research, Osaka University, Osaka) 


(Received for publication, March 10, 1959) 


In the proceding papers of this series (J, 2) the behavior of ferrous ion 
in the homogentisicase reaction and the effects of various agents on the 
enzymatic activity were studied in some detail. It was found, among other 
things, that the iron bound to the enzyme protein participated in the reac- 
tion in the ferrous state, without undergoing a valency change during its 
participation. It was further inferred that the enzyme molecule possessed at 
least two types of reactive groups which were indispensable for its activity ; 
namely a sulfhydryl group which has also been recognized by other authors 
(3, #) and a phenolic hydroxyl group which is susceptible to the action of 
tyrosinase. 

The investigation to be reported in the present paper was undertaken to 
obtain further information concerning the mechanism of the homogentisicase 
reaction by investigating the dependence of the reaction rate upon the con- 
centration of the substrate, ferrous ion and hydrogen ion. The nature of 
the active groups responsible for the association of the substrate and ferrous 
ion with the enzyme protein will be discussed based on the analysis of the 
kinetic data obtained. 


METHODS 


Homogentisicase was partially purified from beef liver as previously described (/) 
and the Fet+-free enzyme preparation was employed throughout the present investigation. 
The reaction rate was determined from the tangent at zero time of the oxygen uptake- 
time curve and was expressed in terms of wl. oxygen consumed per minute per mg. 
protein. The manometric readings were taken at 2 minute intervals. The composition 
of the reaction mixture is given in the legend shown in each figure. 

As previously reported (/), an induction period of several minutes’ duration was 
always observed in acid media when the reaction was started by mixing the enzyme, 
substrate and ferrous ion simultaneously. In order to eliminate such induction periods, 
the ferrous salt was always added to the enzyme solution 10 minutes prior to the initia- 
tion of the reaction effected by adding the substrate. All the experiments were carried 
out at 30°. ; 

Protein was assayed by the same method as described previously (7), and the pH of 
the reaction mixture was determined with a Beckman Model G pH-meter. 
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RESULTS 


i 


Effect of Enzyme Concentration—Fig. 1 shows the dependence of reaction 
rate on the enzyme concentration as measured at pH 6.8 in the presence of 
2x10-3 M of homogentisic acid and 5x10-*M of ferrous sulfate. As can 


v (ul. O, 7 min.) 


0 100 200 300 400 500 600 
PROTEIN (#9-/ml.) 

Fic. 1. Relationships between enzyme concentra- 
tion and initial rate at a given concentration of 
substrate. Enzymatic activity was measured mano- 
metrically at 30°, pH 6.8. Each vessel contained 
enzyme solution, 2x10°* M4 of homogentisic acid, 5x 
10°*M of FeSO,, 5x10°? M of phosphate buffer and 
distilled water to make a final volume of 2ml. Gas 
phase was air. 


be seen, the reaction rate was proportional to the enzyme concentration, 
at least up to 600 wg. of protein per ml., under these experimental conditions. 
Since it was feared that the diffusion of molecular oxygen into the liquid 
phase may become the rate-limiting factor at higher concentrations of the 
enzyme, all the experiments were carried out at enzyme concentrations lower 
than 600 yg. of protein per ml. 

Effect of Substrate Concentration at Various pH’s—It was reported in a pre- 
vious paper (/) that ferrous ion inhibits the homogentisicase reaction at 
concentration higher than 1x10-* MZ. It is also found that the substrate 
inhibits the reaction at concentrations higher than 1.4x10-? M. In the present 
study, therefore, the effect of substrate concentration on the reaction rate has 
been studied at the substrate concentrations not exceeding 1.4x10-? M; the 
ferrous ion concentration being fixed at 1x10-?M. The experiments have 
been conducted at each side of pH 5.8, which has been found to be optimum 
for the reaction (/). 

The data obtained at pH values higher than pH 5.8 are shown in Fig. 
2 in which the reciprocal of rate, 1/v*, is plotted against the reciprocal of 
substrate concentration, 1/[$]. It will be seen that straight lines are obtained 


jj 
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at all the pH values examined as expected from the equation of Line wea- 
ver and Burk (5). The fact that all the straight lines cut the ordinate 
at the same point indicated that the apparent maximum velocity, 7 ris 
constant in the pH range tested. From the intercepts of these straight lines 
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0.10 
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Fig. 2. Reciprocal of reaction velocity as a function 
of reciprocal of substrate concentration at various pH’s 
around 6. Reaction velocity was measured manometrical- 
ly at 30°. Each vessel contained the Fe**-free enzyme, 
1x10°?M FeSO,, 3.3x10°?M phosphate buffer,the sub- 
strate, 1x10°° M glutathione and distilled water to make 
a final volume of 2ml. Gas phase was air. 


on the ordinate, it has been estimated that V‘% has the value of 50 wl. O,/ 
minute/mg. protein. Since the slope of these straight lines increases with 
increasing pH values, it may be concluded that the substrate anion competes 
with the hydroxyl ion in combining with the enzyme molecule. That the 
substrate exists in this pH region in the form of an anion, due to the 
removal of a proton from its carboxyl group, may be inferred from its pK 
value (pK=4.2). From the slope of these straight lines, the apparent M1i- 
chaelis constants, K “?, were calculated, and on plotting these values against 
the reciprocal of hydrogen ion concentration, 1/[H*], a linear relation was 
obtained as shown in Fig. 3. 

Fig. 4. shows the Lineweaver-Burk plots of the data obtained at 
the acid side of pH 5.8. Linear relationships also exist in these cases. The 
straight lines, however, cut the ordinate at different points, and they fall on 


* The symbols used in this paper have the following denotations: , initial reac- 


tion rate; V‘%, reaction rate at a fixed concentration of ferrous ion and in the presence 
of excess substrate ; VS, reaction rate at a fixed substrate concentration and in the pre- 
sence of excess ferrous ion; Vm, hypothetical reaction rate if all the enzyme molecules 


were in the form of the active complex denoted by EFe**S. 
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the same point on the abscissa. 
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This fact indicates that the same value of 


4.0x10-?M in these acid pH’s, while V% increases with increasing pH’s. 


As shown in Fig. 5, a linear relationship seems to hold between [H*] and V%» 
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Fic. 4. Reciprocal of reaction velocity as 
a function of reciprocal of substrate concentra- 
tion at various acidic pH’s. All the conditions 
were the same as that described in Fig. 2. 
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1/V® and (H*). 


Effect of Ferrous Ion Concentration at Various pH’s—The effect of varying 
ferrous ion concentrations on the reaction rate with a fixed substrate con- 


centration of 1.1x10-* MZ was studied at various pH _ values. 


When the 


reciprocal of rate, 1/v, was plotted against the reciprocal of ferrous ion con- 
centration, 1/[Fe**], linear relationships were obtained at all the pH values 
examined as shown in Figs. 6 and 8. Fig. 6 shows that, at pH values higher 
than 5.8, the straight lines obtained at different pH’s cut the abscissa at the 
same point, suggesting that the affinity of ferrous ion to the enzyme protein 
is not affected by pH in this pH region. The apparent maximum velocity, 
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V%» On the other hand, decreases with increasing pH value. 
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A straight 


line is obtained when 1/V©& is plotted against 1/[H*] as shown in Fig. 7. 
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Fic. 6. The change of 1/v as a function 
of 1/{Fet*] at various pH’s around 6-7. Re- 
action veloctity was measured manometrically 
at 30°. Each vessel contained the Fe**-free 
enzyme, FeSO,, i.1x 10°? M@ homogentisic acid, 
1x10°? M glutathione, 3.3x10°? M phosphate 
buffer and distilled water to make a final 
volume of 2ml. Gas phase was air. 
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(Fe*+] at various acidic pH’s. All the condi- 
tions were the same as that described in Fig. 5. 
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The data plotted in Fig. 8 indicate that, in a more acid region than pH 
5.8, ferrous ion competes with the hydrogen ion for the enzyme molecule. 
In fact, VS has a constant value of 78 yl. O2/minute/mg. protein at these 
acid pH’s, and the slopes of the straight lines in Fig. 8 increase with decreas- 
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ing pH values. The apparent dissociation constant of the ferrous ion-enzyme 
complex, K“®, which was calculated from the slopes of the straight lines, 
bears a linear relationship to [H*] as shown in Fig. 9. 

Effect of Ferrous Ion Concentration on the I/v vs. 1/(S] Relationships—In Fig. 
10 are shown the 1/v vs. 1/[S] curves obtained at pH 6.1 in the presence of 
varying ferrous ion concentrations (1x 10-*, 5x10-* and 3x10~* M). It will 
be seen that the apparent Michaelis constant, K%Q, has a value of 6.2x 
10-? M and it is not affected by ferrous ion concentration, whereas the ap- 
parent maximum velocity, V%, increases with increasing ferrous ion con- 
centration. A straight line is obtained when 1/V%P is plotted against 1/ 
[Fe*+*] as shown in Fig. 11. 


=$ 


ne © 0.05 
< ’° 
2 a 
5 2 0.04 
é ; 
< =, 003 
ay £ 
€ ~ 
ss S 002 
° a3 
ae Et 
x =o 
= Es 0.01 
5 : 
5 0 1 2 3 4 5 
0 ee ei oS x10° 
1/(S) (mM) V/ (Fett) (M) 
Fig. 10. The change of 1/v as a func- Fic. 11. Relationship between 


tion of 1/[$) at various ferrous ion con- 
centrations. Reaction velocity was measured 
manometrically at 30°. Each vessel con- 
tained the Fe**-free enzyme, FeSO,, homo- 
gentisic acid, 1x10°3M glutathione, 3.3~x 
10°? M phosphate buffer and distilled water 
to make a final volume of 2ml. Gas phase 
was air. 


1/V% and 1/(Fe**). 


Mechanism of Enzyme Reaction—In order to interpret all the findings de- 
scribed above, the following set of equations may be proposed as representing 
the overall mechanism of the homogentisicase reaction : 


K, 

E- + Ht === E ay 
Ky 

E BS eS ee (2) 
K; 

1Di + Fett == phe s (3) 
K 

Et + S$ == ES (4) 
K3 

E si Rett Geese Re (5) 
Kg 

E + S === ES (6) 

f K 

BFE) (yl gina (7) 
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K; 

ES + Fett === = EFetts (8) 
k 

EFet+S : Serer aap (9) 


The possibility that the substrate-ferrous ion complex, Fet*S, may act as 
the true substrate is not considered in the above scheme, since it was pre- 
viously reported (J) that the progress of the reaction, in which the Fe*t-free 
enzyme was added io a preincubated mixture of ferrous ion and the substrate, 
was quite similar to that of the system in which the enzyme, ferrous ion and 
the substrate were simultaneously mixed. 

Assuming that the reaction rate is proportional to the concentration of 
the complex, EFe**S, and taking into consideration the fact that the enzyme 
concentration employed can be neglected as compared with the substrate and 
ferrous ion concentrations, the following equation can be derived from the 
above set of relations. 

v=k (EFe*tS) 
5 us ."s (10) 

Pie ee ers Rice a ie Bg RON) Kae Be oe 

CS) Chet} CHGS Fett} KoGS)(Fe**)  CH*I(S]  Ke(Fe™*}  (S] (Fe**) 
where e represents the total concentration of the enzyme, 2.¢., 
e=(E°J4+ (CE) + CE") + CE Fe™*) 4+ (ES) + (ES) + (EFet*) 4+ (EFe**S) (11) 
(HT) Ks Ky og Ast 
Ke (S) Fe**) Ke (ke**) 
line side of pH 5.8, Eq. 10 can be simplified to the following equation 
according to the procedure of Lineweaver and Burk; 


Kz Ky, 1 Ky 1 


Since the terms may be neglected at the alka- 


. Ky ae fl 
V/o=Cayt) Cast) 695° rm t Get Gm a) 
or 
Poe Sade OC aba TK: 1 
— ] . : = 1 13 
Mo= Cont a sy ie Vm C5) Ot Vm x 


Since these two equations are in accordance with the experimental data 
presented in Figs. 2, 6 and 10, it will be easily deduced from Eqs. 12 and 13 
that KS, V& and VS may be represented by Eqs. 14—16, respectively. 


K =$K,/(H*}+1) Ks (14) 

1/V 42 =(K,/CFe**) +1) 1/Vm (15) 
KE, 1 

Ky es es 16 

Vee = aR CS} Vm 1 Ke/tSI+1) 1/Vm ( ) 


The validity of these equations seems to be proved by the linear rela- 
tionships indicated in Figs. 3, 7 and 11. 

By the analysis of the data presented in Fig. 3 representing Eq. 14, Ky 
and K, can be shown to have the values 4.0 10-*M and 4.2x10-’M, re- 
spectively (K, from the intercept on the ordinate and K, from the slope 
divided by K,). From the intercept on the abscissa in Fig. 6, Ks is calculated 
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according to Eq. 13 to be 1.2x10-?M. As already stated, VG has been 
experimentally estimated from the data given in Fig. 2 to be 50 yl. O2/minute/ 
mg. protein. By introducing the values of K; and V“%p into Eq. 15, it is 
deduced that Vn has a value of 110 wl. O,/minute/mg. protein. 

The straight line in Fig. 7 represents Eq. 16. By a similar analysis of 
the date presented in Fig. 7, the values of K,; and Vm are again computed to 
be 4.7X 10-7 M and 901. O./minute/mg. protein, respectively. The value of 
K, can be further checked by graphically determining the value of K { from 
Fig. 10 and introducing it into Eq. 14. This gives 4.2x10-*M as the value 
of K, By applying the data given in Fig. 11 to Eq. 15, Ks and Vn are 
again calculated to be 1.1x10-? M and 100 vl. O,/minute/mg. protein, respec- 
tively. 

For the acid side of pH 5.8, Eq. 10 can be rewritten in the following 


K, Kk, K K,K 
simplified reciprocal form by neglecting the terms pleas ca and on) cosy" 
tigaeke, Se Met ole eee a7) 


CASA ACS NALCO RAG ON ACS 
or 
p Abeta Ks 4 1 K, al! 
1/v=( K 141) Ge + 1) Cet) Vm t ‘csyt ) Vm (18) 

The data given in Figs. 4 and 8 are in accordance with Eqs. 18 and 19, 
respectively. The apparent Michaelis constant obtainable from the inter- 
cept on the abscissa in Fig. 4, therefore, corresponds to K, according to Eq. 
17, and it has a value of 4.0x10-*%. Furthermore, Eqs. 17 and 18 show 
that VGP, VS and K&® can be written as follows: 


K;__ ~K,; (H*) 1 

(Fe) — 

eo es (rey!) Vm ue) 
(Na p=* Ss ; 

Je Eei es & +1) K, (21) 


Eqs. 19 and 21 are represented by the straight lines drawn in Figs. 5 and 9, 
respectively. By applying Eq. 19 to the data shown in Fig. 5, Kz and Vm 
are calculated to be 2.7x10-° M and 1201. O./minute/mg. protein, respect- . 
ively. By introducing the values of VS obtained from the data in Fig. 8 


TABLE I 
Values o hee and Vm at 30° 


pK, Gate “6.5 

pKs 5.6—5.7 

PKs 2.9—3.0 

pK, 3.4 

ve ca. Bae Peiminuteiag: pice 
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into Eq. 20, Vm is again computed to be 100 ul. O./minute/mg. protein. The 
analysis of the data shown in Fig. 9 according to Eq. 21 gives the values of 
2.0x10°° M for K, and 1.1x10-? M for Ks, respectively. 

As described above, the results of analysis from different angles of the 
kinetic data give closely similar or identical values for K as well as for Vm, 
indicating the correctness of the assumptions made in Eqs. 1-9. The values 
of pK’s and V,, obtained above are summarized in Table I. 


DISCUSSION 


As suggested in the preceding papers (/, 2), homogentisicase appears to 
possess at least two types of dissociable groups which are essential for the 
enzyme activity, namely, the SH group and the phenolic OH group. The 
substrate seems to combine with the SH group and to have a close relation 
to the phenolic OH group. The ferrous ion, on the other hand, is assumed 
to associate with some negatively charged group and presumably connected, 
in some way, to the phenolic OH group. 

The results of the kinetic studies reported in the present paper suggest 
that a dissociable group, PK of which has a value of 6.4-6.5, is responsible 
for the substrate combination. The nature of this group can not yet be 
identified from the experimental findings available to date. In view of the 
fact that a SH group is concerned with the linkage of the substrate with the 
enzyme molecule, it is tempting to attribute the SH group to the dissociable 
group in question. However, since the pK value of the SH group of cysteine 
residue is much higher than 6.4-6.5, this assumption does not seem tenable. 
It has been known that SH groups of thiophenols and dehydrocysteine re- 
sidues, 7. ¢. < _>-SH and 4 MRED possess lower PK values, compara- 
ble to pK of the dissociable group in question (in the case of thiopenol, pK= 
7.2). Therefore, the possibility that such special SH groups might be involved 
can not be excluded, though the existence of such groups in proteins has not 
yet been reported. The other possibility is that the dissociable group may 
be an imidazole group 6K of which might be, for some reason, higher than 
its usual value (J. 7). 

It may be more safely inferred that the another dissociable group having 
a pK value of 5.6-5.7 is the imidazole group of histidine residue. Available 
evidence indicates that this group is the site of ferrous ion binding. 

The analysis of kinetic data given in the present paper provides no 
evidence for the possibility that the ferrous ion bound to the enzyme protein 
acts as a bridge in the enzyme-substrate complex. This suggests that the 
complexes referred to as E*S and ES are actually formed as given in Eqs. 4 
and 6, respectively. It can also be excluded by kinetic analysis that the 
combination reaction between the substrate and the enzyme is influenced by 
the attachment of ferrous ion to the latter. 

The role of the phenolic OH group in the enzyme reaction is rather 
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difficult to explain. The fact that the OH group is irreversibly inactivated 
by tyrosinase and this inactivation can be completely protected by either the 
substrate of ferrous ion suggests that the OH group is in some way related 
to the combination of both the substrate and ferrous ion with the enzyme 
molecule. It is, for example, likely that the OH group is located very close 
to both the active SH and imidazole group with which the substrate and 
ferrous ion combine, respectively. It also seems probable that the OH group 
itself binds to neither the substrate nor the ferrous ion, but is essential for 
the maintenance of the reactive structure of the whole enzyme molecule. 
With such assumption, the experimental results concerning the OH group 
seem easily explainable. 


SUMMARY 


1. In continuation of the studies reported earlier, the action of homo- 
gentisicase isolated from beef liver was investigated in detail from a kinetic 
point of view. The effects of hydrogen ion, substrate and ferrous ion concent- 
rations on the enzyme activity were studied in the pH range from 5.0 to 7.0. 

2. By analysis of the results obtained, it was inferred that in the alkaline 
side of pH 5.8 the hydroxyl ion competed with the substrate anion for the 
enzyme molecule and in the acid side hydrogen ion competes with the fer- 
rous ion. The substrate seemed to associate with an acid group of the enzyme 
protein, and pK of this group was determined to be 6.5 at 30°. The ferrous 
ion seemed to associate with a basic group, pK of which had a value of 5.7 
at 30°. 

3. The Michaelis constant and dissociation constant of the ferrous 
ion-enzyme complex were obtained as the values of 4.0x10-* and 1.2x10-3 M, 
respectively, at 30°. 


The author wishes to express her sincere gratitude to Prof. M. Suda and Dr. 
Y. Ogura for their great interest and most stimulating discussions during the course of 
this work. She is also much indebted to Prof. H. Tamiya and Dr. R. Sato for 
their valuable advices. 
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Recently it has been reported that endopeptidases, such as trypsin (J, 2), 
chymotrypsin (J, 2), and proteinase of Bacillus subtilis N’ (3), and some 
esterases (4, 5, 6) are strongly inhibited by diisopropyl fluorophosphate (DFP). 
One mole of this reagent per mole of enzyme causes complete inhibition. 
O-phosphoserine has been obtained from the acid or enzymatic hydrolysatcs 
of the diisopropyl phosphory! derivatives (7-10). 

However, no effect of DFP on untreated or cysteine-activated papain was 
observed by Jansen et al. (5) and Kimmel and Smith (JJ). This 
difference in behaviour towards DFP is very interesting, since papain also 
has an endopeptidatic action. 

In the preceding paper (/2), it was reported that the inhibition of papain 
by aldehyde reagents depends on the activators. Untreated papain and the 
cyanide-activated form were inhibited by aldehyde reagents but the cysteine-, 
thioglycolate-, and hydrogen sulfide-activated papains were not affected. 

In the present investigation, it was found that after activation by cyanide 
papain was inhibited by DFP. This reagent did not inhibit cysteine-, 
thioglycolate-, and hydrogen sulfide-activated papains. Mercuripapain and 
untreated enzyme were not affected by DFP but were inhibited by aldehyde 
reagents. A stable DFP-inhibited papain, containing one atom of phosphorus 
per mole of papain, was obtained in crystalline form. A phosphopeptide 
was separated from the partial hydrolysate of DFP-inhibited papain by frac- 
tionation with Dowex 50 chromatography. After complete hydrolysis of the 
phosphopeptide by 4N HCl, component amino acids were identified by 
paper chromatography. 


EXPERIMENTAL 


Crystalline Papain—As described in the preceding paper (/2), crystalline papain was 
prepared from dried papaya latex using a slight modification of the method of Kimmel 
and Smith (J/J). 


* An outline of this work was given at the 9th Meeting of the Symposia on the 
Structure of Proteins in Osaka, in November, 1958. 
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Mercuripapain—Mercuripapain was prepared from twice recrystallized papain according 


to the method of Kimmel and Smith. (//). 

Proteinase of Bacillus subtilis N’/—Crystalline material was kindly supplied by Nagase & 
Co., Ltd., Osaka. 

Diisopropyl Fluorophosphate—This compound was kindly supplied by Dr. T. Ikenaka 
of the Akabori laboratory, University of Osaka. 

Assay for Proteolytic Activity of Papain—As described in the preceding paper (/2), the 
proteolytic activity of papain was determined by a method essentially based on the methods 
of Anson (/3) and Kunitz (/4). 

Determination of Phosphorus—Determination of phosphorus was carried out according to 
the method of Dryer et al. (15), in which N-phenyl-p-phenylenediamine* is used as 
reducing agent. 

Pre‘aration and Crystallization of DFP-Inhibited Papain—Crystalline DFP-inhibited papain 
was prepared from twice recrystallized papain according to the following procedure. 

Twice recrystallized papain was dialyzed against 0.1 M phosphate buffer, pH 7.4, 
to dissolve it in minimal volume of buffer solution. The enzyme solution was mixed 
with one tenth of its volume of potassium cyanide (adjusted to pH 7.4). The mixture 
was incubated at 30° for 3 hours. The cyanide-activated papain was mixed with an 
excess of DFP, and incubated at 30° for 20 minutes. After addition of DFP, the pH of 
the mixture was adjusted to 7.4, because formation of hydrogen fluoride caused an 
increase in acidity. The mixture was dialyzed for 24 hours against deionized water and 
the centrifuged at 1,500 g to remove insoluble material. The supernatant was precipi- 
tated with 0.4 saturated ammonium sulfate. The turbid solution allowed to stand at 4° 
for 16 hours, and then centrifuged at 15,000xg. The precipitate thus obtained was 


Fig. 1. Crystals of DFP-inhibited papain. x 200 


* This compound was kindly supplied by Dr. M.L. Huggins of Eastman Kodak 
Co., Ltd., New York. 
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suspended in a small volume of deionized water, and dialyzed against deionized water. 
From the dialysate, DEP-inhibited papain was crystallized on addition of small amounts 
of sodium chloride. Recrystallization was carried out by the same procedure. As shown 
in Fig. 1, crystals of DFP-inhibited papain are rhomboidal plates. Although the shape 
of crystals of papain prepared by Balls and Lineweaver (16) is not rhomboidal 
but a long hexagonal form, crystals of untreated papain prepared in our laboratory have 
the same shape as those of the DFP-inhibited enzyme. It is uncertain what causes the 
difference in shape of the crystals but long hexagonal crystals were prepared from the 
cyanide-activated form and rhomboidal crystals from untreated enzyme. The phosphorus 
content of DFP-inhibited papain was estimated at 0.95 moles per mole of papain, assum- 
ing the molecular weight of papain to be 20,700 (/7). 

Partial Hydrolysis of DFP-Inhibited Papain and Separation of Phosphopeptide—DFP-inhibited 
papain (200 mg.) was denatured by 2N HCI and suspended in 40 ml. of 0.1M Tris 
buffer, pH 7.4, after centrifugation and neutralization with sodium hydroxide. Appro- 
ximately 10mg. of trypsin was added to the suspension and incubated at 30° for 16 
hours. One second volume of 6 N HCI was added to the mixture and the resulted pre- 
cipitate was removed by centrifugation. The mixture was repeatedly evaporated to remove 
hydrochloric acid. 

The hydrolysate was further hydrolyzed in a sealed tube with 2N HCl by heating to 
105° for 23 hours. After removal of hydrochloric acid by repeated evaporation, phos- 
phopeptide was separated by fractionation with H-form of Dowex 50 (200-350 mesh) 
chromatography according to the method of Schaffer et al. (8). 

Identification of Amino Acids—Component amino acids of the phosphopeptide were 
identified by paper chromatography of dinitrophenyl derivatives according to the method 
of Levy (J8). 


RESULTS 


As shown in Fig. 2, papain was strongly inhibited by DFP after activa- 
tion by cyanide. The amount of DFP required for complete inhibition of 
cyanide-activated papain is considerably in excess of the enzyme and this 
inhibition thus differs from the stoichiometrical relation with the proteinase 
of Bac. subtilis N’ (3) or with chymotrypsin (J). DFP-inhibited papain was 
not reactivated by addition of cysteine or cyanide after dialysis. Although 
Jansen e al. (5) and Kimmel and Smith (//) have reported that 
untreated papain and cysteine-activated papain are not affected by DFP, the 
reports are not in conflict with the inhibition of cyanide-activated enzyme 
by DFP, since the cysteine-activated and untreated papains prepared in our 
laboratory were also not inhibited by DFP (Table I and II). 

As shown in Table III, cyanide-activated papain was protected from 
DFP-inhibition with simultaneous or prior addition of cysteine to DFP. The 
molar concentration of cysteine required for complete protection was approxi- 
mately equal to that of DFP. 

To examine the possibility that cysteine reacts directly with DFP and 
removes it from reaction system, the effect of cysteine on the inhibition of 
proteinase of Bac. subtilis N’ by DFP was investigated. The reaction of DFP 
with the proteinase of Bac. subtilis N’ was not affected by cysteine (Table IV). 


aye T. MASUDA 


PER CENT INHIBITION 


3 4 


-LOG OF CONCENTRATION OF DFP 


Fic. 2. Inhibition of papain by DFP. Enzyme con- 
centration ; 0.0102 per cent. 0.1 M phosphate buffer, pH 
7.4. Substrate ; 0.5 per cent casein. Enzyme was activated 
with 0.25 M potassium cyanide and then added with DFP. 
After 5 minutes incubation, activity was assayed. 


TABLE I 
Effect of DFP on Untreated Papain 


Enzyme concentration ; 0.0029 per cent. 0.1 M phosphate buffer, pH 
7.4. After enzyme had been incubated with DFP for 10 minutes cysteine 
was added and activity was assayed. 


| 


DFP Cysteine | Activity 
a | = .000 
ut 5x 10-3 M | 291 
5x 10-4 M = | .029 
me 5x 10-3 M | .250 
Taste II 


Effect of DFP on Cysteine-Activated Papain 


Enzyme concentration ; 0.0235 per cent in Exp. | and 0.0185 per cent 
in Exp. 2. 0.1 M phosphate buffer, pH 7.4. After enzyme had been 
incubated with cysteine for 10 minutes, DFP was added to the mixture 
and activity was assayed. 


Exp. No. DFP Cysteine | Activity 
1 ae 5x10-3M 1.130 
| 5x10-4M o | 1.102 
2 i | 1.179 


DC1LOs= Mi 3 | 1.207 
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It appears, therefore, that cysteine reacts with cyanide-activated papain and 
makes it unsusceptible to DFP. Like the cysteine-activated papain, hydrogen 


sulfide- and thioglycolate-activated 1 inhibi 
papains were hardl hibited by DFP 
(Table V). Se ee 


Taste III 
F fect of Cysteine on DFP-Inhibition of Cyanide-Activated Papain 
Enzyme concentration; 0.006 per cent. 0.1 .M phoshate buffer, pH 
7.4. Enzyme was activated with 0.1 M potassium cyanide (adjusted to pH 


7.4) for 40 minutes, and then cysteine and D¥P were added to the mixture. 
After 10 minutes, activity was assayed. 


DEP Cysteine Activity 
= = | 627 
DMO aM — .065 
= 2.5x10°M 765 
5x10°4*M a 775 
08 2.5x 1074 M 72) 
5x10°M - BD 
TABLE IV 


Effect of Cysteine on DFP-Inhibition of Bacillus subtilis N’ 


Enzyme concentration; 0.0105 per cent. 0.1 M phosphate buffer, pH 
7.4. Enzyme was added with cysteine and DFP. After the mixture had 
been incubated at 30° for 5 minutes, activity was assayed. 


DFP Cysteine Activity 


is: = 1.440 
5x 10-4 M oo 034 
a 2.5x10-? M 1.479 
5x10-*M s | .042 
A 5x 10-3 M .076 


The DFP-inhibition of mercuripapain differs from that of aldehyde 
reagents. Like the untreated papain, mercuripapain was not affected by DFP 
(Table VI). However, when mercuripapain was activated with cyanide 
before the addition of DFP, it was potently inhibited and this inhibition 
could be prevented by the simultaneous addition of cysteine. From these 
results, it is concluded that activation with cyanide is necessary for the 
inhibition of papain by DFP. To confirm this conclusion, the quantitative 
relation between activation by cyanide and inhibition by DFP was investigated 
(Table VII). Papain was partially activated by cyanide and then DFP was 
added. After 5 minutes, cysteine was added to the mixture and then the 
activity was assayed. The enzyme which was not activated by cyanide and 
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TABLE V 
Effect of DEP on Thioglycolate- and H,S-Activated Papains 
Enzyme concentration ; 0.0235 per cent in Exp. A-1l, 0.019 per cent 
in Exp. A-2, 0.0402 per cent in Exp. B-1, and 0.0253 per cent in Exp. 


B-2, respectively. In Exp. A, enzyme was activated with thioglycolate for 
10 minutes and then added with DFP. After 5 minutes, activity was 


assayed. 
Exp. No. DFP Activator Activity 
A-1 a Plone BEY .990 
5x LOM -e 611 
A-2 — Orc On iG .578 
SO Ae | 45 578 
B-1 — Hs” 485 
5x 10m Pr 427 
B-2 _ | H,s® 437 
5x 1074 M 5s 441 
1) Thioglycolate was diluted with 0.1 M phosphate buffer 
(pH 7.4 
2) Enzyme solution was bubbled with hydrogen sulfide for 20 
minutes. 
3) Enzyme solution was bubbled with hydrogen sulfide for 5 
minutes. 
TaBLe VI 


Effect of DFP on Mercuripapain 
Enzyme concentration ; 0.0045 per cent in Exp. | and 0.0032 per cent 
in Exp. 2. 0.1 M phosphate buffer (pH 7.4) was used in Exp. 1 and 0.05 M@ 
Tris buffer (pH 7.4) in Exp. 2. Enzyme was incubated with DFP for 20 
minutes at 30° and then activated with cysteine. After 5 minutes activity 
was assayed. 


Activity 


Exp. No. DFP Cysteine 
1 — 5x 107? M 934 
Ox LOE: — .000 
rT 5x 10-3? M 1.030 
2 — 220 LOR Tea al 
5x10°4* M — .010 
Ay 229 >< LOMA 747 


remained in the inactive form should be uninhibited by DFP. The sum of 
the activities of the partially activated enzyme (a) and of the uninhibited 
enzyme (b) are shown in the right column (a+b) of Table VII. They are 
approximately constant, ranging from 1.279 to 1.336. Therefore it can be 
considered that activation of papain by cyanide is indispensable for inhibition 


by DEP. 


ACTIVE GROUPS OF PAPAIN. II 1575 


TABLE VII 
Quantitative Relation between Cyanide-Activation and DFP-Inhibition 


Enzyme concentration ; 0.018 per cent. 0.1 M phosphate buffer, pH 7.4. In 
series a, enzyme was activated with cyanide for 10 minutes and then activity was 
assayed. In series b, enzyme was activated with cyanide for 10 minutes and then 
incubated with DFP for 5 minutes. After addition of cysteine, activity was assayed. 


Exp. Reagent added ee 
No. ; - ctivity a+b 
KCN DFP Cysteine 
ee 510-3 M a Ss 345 
b if 10-3 M 510-3 M 934 1.279 
a | 1.5x10-°M ee ef 537 
b ¥ 10-3 M 5x 10-3 M 753 To 
a | 2.5x10-?M be | = 660 
b < 107M =| 5x10" M | CER dee 
a | 5x1l0-°M = | = 809 
b _ 103M =| 5x 10-8 M 527 L526 
2 wu a 5107? M res Uae 


As shown in Table VIII, sodium bisulfite-treated papain was further 
inhibited by DFP. In Exp. 1, after incubation with DFP, bisulfite-treated 


Tas_e VIII 
Effect of DFP on Bisulfite-Treated Papain 


Enzyme concentration ; 0.063 per cent in Exp. 1, 0.022 per cent in 
Exp. 2, and 0.0148 per cent in Exp. 3. 0.03 M@ Tris buffer, pH 7.4, in 
Exp. 1 and 0.1 M phosphate buffer, pH 7.4, in Exp. 2 and 3. Enzyme 
was incubated with sodium bisulfite for 60 minutes and then added with 
DFP. After 10 minutes incubation, cysteine was added to the mixture. 
After 5 minutes activity was assayed. In Exp. 1, activity was determined 
on aliquots removed from the original reaction mixture containing each 
component in high concentration for determination of phosphorus. 


ate La | | - ees 
Exp. No. | NaHSO,; | DFP | Activity 
ius oo a — | 1.620 
6.6x10°3? M - | 1.092 
.s | 83x10°°M | 488 
2 — —_ | 1.188 
5x 10°? M _— | B29 
| 5 5x107* M 146 
3. : — — | 1.018 
5x 10-3 M == | .263 
sf feee2-5 >< 104 || .148 
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papain was precipitated and washed with 0.22 M trichloroacetic acid. There 
were 0.65 moles of phosphorus per mole of enzyme in the ashed precipitate. 

A phosphopeptide was obtained from the partial hydrolysate of DFP- 
inhibited papain by Dowex 50 chromatography (Fig. 3). Peak A was inorganic 
phosphate and peak B and C were phosphopeptides. Peak B was not further 


PHOSPHORUS ( #9-/ml. ) 


5. 10 15 20 25 


FRACTION NUMBER 
Fic. 3. Dowex 50 chromatogram of partial hydrolysate of 
DFP-inhibited papain. Material hydrolyzed by trypsin and 2N 
HCl. 200-350 mesh resin in hydrogen form. Column 26cm. 
Eluent 0.05 NV HCl. Fraction size 2 ml. 


analyzed because of lack of the amount needed for identification of com- 
ponent amino acids. After complete hydrolysis of the sample of peak C 
with 4 N HCl by heating to 105° for 24 hours, dinitrophenyl derivatives of 
the sample were prepared according to the method of Sanger (J9). 

After extraction with ether dinitrophenyl amino acids in the ether phase 
were identified by two-dimensional paper chromatography, while no dinitro- 
phenyl amino acid was found in the aqueous layer. 1.1 moles of glycine, 0.9 
mole of alanine, 0.9 mole of serine and 1.0 mole of acidic amino acid per 
atom of phosphorus were found in the phosphopeptide. They are very 
similar to the component amino acids of a phosphopeptide obtained from 
DIP-trypsin or DIP-proteinase of Bac. subtilis N’. Acidic amino acid could 
not be determined to be glutamic acid or aspartic acid, because of lack of 
amount needed for further analysis. It is uncertain which amino acid is 
bound with diisopropyl phosphoryl group (DIP). 


DISCUSSION 


The present results indicate that only cyanide-activated papain is inhibited 
by DFP. Untreated papain and the cysteine-activated form were not affected, 
as reported by Jansen e al. (5) and Kimmel and Smith (JJ). As 
shown in Table VII, the activation of papain by cyanide is indispensable for 
inhibition by DFP. 

DFP-inhibited papain was very stable and could be obtained in crystalline 
form. This DFP-inhibited papain was not reactivated by addition of 
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activators after dialysis. 

Bisulfite-treated papain was further inhibited by DFP and phosphorus 
was found in the enzyme protein after DFP-treatment and precipitation by 
trichloroacetic acid. This suggests that the hydroxy group of cyanohydrin 
acts as an acceptor for the diisopropyl phosphoryl group, since aldehyde 
reacts with sodium bisulfite to give an addition compound which is structurally 
similar to cyanohydrin. 

As discussed in the preceding paper (J2), it is conceivable that there are 
two groups, that is, an aldehyde and a sulfhydryl group, close to each other 
in the active area of papain. The following result may support the above 
hypothesis. Although in papain itself 0.96 sulfhydryl groups per enzyme 
molecule were determined by Boyer’s method (20), 0.38 and 0.57 sulfhydryl 
groups were estimated in DFP-inhibited and hydroxylamine-inhibited papain, 
respectively. The reaction of p-chloromercuric benzoate with the sulfhydryl 
groups of papain may be sterically hindered by introduction of DFP or 
hydroxylamine. 

In cyanide-activated papain, the hydroxy group of cyanohydrin which is 
converted from the aldehyde group may act as one of the active sites instead 
of the sulfhydryl group in cysteine- or thioglycolate-activated papain. The 
difference between the action of the cysteine- or thioglycolate-activated papain 
and the cyanide-activated enzyme may depend on a difference in the active 
group. 

On the other hand, there remains another possibility that a sulfhydryl 
and an aldehyde group affect indirectly proteolytic action of the enzyme, 
since the preliminary results for analysis of phosphopeptide suggest a resem- 
blance in structure of active site between papain and trypsin. 


SUMMARY 


1. The effect of DFP on several activated forms of papain was investigat- 
ed. It was found that only cyanide-activated papain was completely inhibited 
by DFP: 

2. Cysteine-, thioglycolate-, and hydrogen sulfide-activated papains and 
mercuripapain were not affected by DFP. 

3. Bisulfite-treated papain was further inhibited by DFP. Phosphorus 
was present in the enzyme protein after treatment with DFP and _precipita- 
tion by trichloroacetic acid. 

4, Papain was as strongly inhibited by DFP as it was activated with 
cyanide. 

5. A phosphopeptide was separated from partial hydrolysate of DFP- 
inhibited papain by fractionation with Dowex 50 chromatography. After 
complete hydrolysis of the phosphopeptide by 4N HCl, glycine, alanine, 
serine, and acidic amino acid were identified by paper chromatography. 

6. The existence of two groups, namely an aldehyde and a sulfhydryl 
group, in the active area of papain and the difference between cyanide-activa- 
tion and cysteine-, thioglycolate- or hydrogen sulfide-activation are discussed. 
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STUDIES ON THE NEW GLYCOLIPIDE IN OYSTER 


V. ON THE NITROGENOUS COMPONENTS AND 
STRUCTURE OF THE GLYCOLIPIDE 


By YASUO NAKAZAWA 


(From the General Institute of Legal Medicine, Tokyo 
Medical and Dental University, Tokyo) 


(Received for publication, May 4, 1959) 


In a previous paper, Akiya and Nakazawa reported the isolation of 
a new glycolipide (J) from the soft tissues of oyster. Further investigation 
of this glycolipide revealed that it has a structure different from the known 
types of cerebroside and contains a sugar portion consisting of a trisaccharide, 
p-glucopyranosyl< 4.1 >-p-glucopyranosyl-< 4.1 >-L-fucopyranose, which is 
combined with the other part of the glycolipide at its terminal reducing 
group forming a glycosidic linkage (2). 

On the other hand, the fatty acid moiety of this glycolipide was identified 
as 14-methyl-4-pentadecenoic acid (3, 4). 

In the present paper, the results of a further study of the other structural 
parts of the glycolipide, together with several observations which led to its 
proposed total structure will be reported. 

After hydrolysis of this glycolipide, Cy,Hs20.,:N.S (Fig. 1-(J) in the first 
paper of this series (/)), with hydrochloric acid and removal of fatty acid 
from the hydrolysate with petroleum ether, lactic acid was detected in ether 
extract of the aqueous layer. Further the aqueous layer after the above 
ether extraction gave a basic compound which was isolated as its reineckate 
and converted into a picrate to identify with the authentic specimen of the 
same salt of choline. 

On addition of mercuric acetate, the filtrate obtained after removal of 
the choline reineckate and excess of the reagent furnished the mercuric salt 
of taurine. 

Thus, the starting glycolipide was proved to contain three components, 
lactic acid, choline and taurine in its total structure besides trisaccharide and 
fatty acid portions. 

Quantitative estimations of these three new components as well as of the 
fatty acid were performed and the results are given in Table I. 

From the data shown in Table I, it is evident that the glycolipide 
consists of each one mole of trisaccharide, fatty acid, choline, taurine and 


lactic acid. 
An aqueous solution of this glycolipide was passed through columns of 
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ipABiEEeL 


Results of Determination of the Components 
Contained in the Glycolipide 


Calcd. for 


C,,He:02,NS | Found Molar ratio 
re | 7o | Jo 
Choline 10.33 | 10.05 0.97 
Taurine 1243, 8) 13.11 1.05 
Fatty acid | 25.25 | 26.91 | 1.06 
Lactic acid 8.94 | 7.63 0.85 
Trisaccharide” 48.40 | 45.90 0.95 


1 


1) This was reported in the second paper of this series (2) 


Amberlite IR 120 (Ht—type) (A), and of Amberlite IRA 410 (OH~—type) 
(B) successively. Elution of each column with aqueous 0.1 N hydrochloric 
acid (Solvent 1), followed by 80% ethanolic 0.1 NV hydrochloric acid (Solvent 
2), gave four effuents A,, B,;, A,, and B,*. After evaporation of the solvents, 
each effluent gave the decomposition products of the glycolipide which were 
further heated with 10 per cent hydrochloric acid to complete hydrolysis (the 
hydrolysates thus obtained from A;, As, B; and B, will be represented with 
A’,, A’,, B’; and B’, respectively). Choline could be detected in the hydroly- 
sate A’; by paper chromatography. The water-insoluble precipitate appearing 
in this hydrolysate was assumed to be fatty acid from its solubilities in 
alkaline solution and ether. No choline and fatty acid were found in the 
hydrolysate A’,. 

On the other hand, taurine and lactic acid were identified in both 
hydrolysates B’, and B’. Furthermore, these hydrolysates gave positive 
Molisch’s reaction which was not the case for the hydrolysates A’, and 
A’,. Therefore, the carbohydrates must be contained in the hydrolysates B’, 
BHO! 1 Bye 

In another run of decomposition of the glycolipide with Amberlite IR 
120 and IRA 410, the effluents, A, and B,, were collected by elution of each 
column with Solvent 2. The effluent obtained from the column of Amberlite 
IR 120 furnished cationic component. This component gave a picrate (m.p. 
95-6°) which was assumed to be a picrate of O-(14-methyl-4-pentadecenoyl)- 
choline from its analysis. 

Paper chromatography** of the component gave only one spot with Ry 
value 0.85 giving a coloration different from that of choline (Ry 0.28) with 
Dragendorff’s reagent. The area of the spot with R; value 0.85 on 
this paper chromatogram was cut out, and the cutting was extracted with 
aqueous ethanol. After heating with 10 per cent hydrochloric acid and 


* A,, B,, A: and B, represent the corresponding effluents obtained from column A 
and B with Solvent | and 2 respectively and vice versa. 
** A solvent system butanol-acetic acid-H,O (25 : 6 : 25) was used. 
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examination of the hydrolysate by paper chromatography with the same 
solvent, choline was detected. 

From the column of Amerberlite IRA 410, anionic component was eluted 
and was tested by paper chromatography*. No spot corresponding to taurine 
(R; 0.43), but a new spot (Ry 0.25) which showed slight coloration with 
ninhydrin reagent and gave positive reaction with ammoniacal silver nitrate 
was detected. And on alkaline hydrolysis of this component, an acidic 
substance which gave a spot with R, 0.77** was obtained. On further 
heating of this substance with 1 N hydrochloric acid taurine and lactic acid 
were obtained. This new intermediate giving the spot with R; value 0.77 
was identified with synthetic specimen of N-lactyltaurine by paper chromato- 
graphy. 

From the results obtained above, it was concluded that the constituents of 
two components with Ry 0.85 and 0.25 obtained from the starting glycolipide 
must be fatty acid combined with choline and JN-lactyltaurine combined 
with trisaccharide respectively. 

The starting glycolipide was not decomposed into the two components 
when it was treated with a weak acidic Amberlite IRC 50 or weak alkaline 
Amberlite IR 4B. 

As mentioned above, it has been revealed that glycolipide obtained from 
oyster is decomposed by treatment with strong ionic exchanger into the two 
components, a cationic component consisting of choline and fatty acid, and 
an anionic component containing JN-lactyltaurine and trisaccharide. The 
results show that these two components must be combined with an ionic 
linkage to form the mother glycolipide. 

As for the structure of the cationic component, the fatty acid must exist 
in ester form with the carbinol radical of choline, because the only basic 
center of this component is that of quaternary ammonium nitrogen in 
choline portion. 

On the other hand, the anionic component was decomposed by alkaline 
hydrolysis to give N-lactyltaurine and its structure should be represented as 
a possible combination of each one mole of N-lactyltaurine and trisaccharide. 

The trisaccharide has been previously confirmed to be p-glucopyranosy]l- 
< 4.1 >-p-glucopyranosyl-< 4.1 >-L-fucopyranose and its reducing group 
must take part in a glycosidic linkage, because before hydrolysis of the 
anionic component, all of its hydroxyl groups, except the reducing group, have 
been proved not to be substituted with other moieties (2). The possible 
radical in N-lactyltaurine to be substituted is only its hydroxyl group, so the 
reducing group of trisaccharide must be combined with hydroxyl group of 
N-lactyltaurine to form O-glycosidic linkage and acidic center of the anionic 
component should be the sulfonate group of taurine moiety. 

As conclusion, the total structure (Scheme 1), O-(14-methyl-4-pentadecenoy])- 
choline N-{ O-(L-fucopyranosyl-< 1.4 >-p-glucopyranosyl-< 1.4 >-p-gluco- 


* A solvent system lutidine-collidine-H,O (1 : 1:1) was used. 
** A solvent system methyl cellosolve-NH,OH-H,O (80 : 5: 15) was used. 
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pyranosyl)-lactyl]-taurate, could reasonably be proposed for the glycolipide 
isolated from oyster. 


SCHEME | 
Total structure of the glycolipide. 
(CH,);N-CH,-CH,-OOC-(CH;).-CH = CH-(CH.),-CH(CHs)2 


sO," 
CH, 
CH, 
NH-CO-CH-CH, 
O ¢ \ | 
eat areyec ow ae HC 
H-C-OH 6 9 HCOH g Gg H-C-OH g 
HO-C-H | | HOCH | | HOCH | 
HG ee ly Cee tl ee 
H-C | H-C H-C | 
GH,OH CH,OH CH, 
EXPERIMENTAL 


Analysis of the glycolipide obtained from the soft tissues of oyster (Fig. 1-(J) reported 
in the first paper of this series (/)). Calcd. for C,y,HgsO.,N.S: C, 52.47; H, 8.20; N, 
22/35. Selo. Found: | @hn5) 64/2 Ela 65). Nj 2-39 sensor 

Detection of Lactic Acid—500 mg. of the glycolipide was heated with 50ml. of 10 per 
cent HCl in a boiling water-bath for 3 hours. After cooling, the separated fatty acid 
was extracted with petroleum ether and the aqueous layer obtained was extracted with 
ether repeatedly. 


The ether extracts were combined and evaporated. The residue was examined by 
paper chromatography. 


Solvent Ry 
Methyl cellosolve-NH,OH-H,O (80: 5: 15) 0.64 
Butanol-formic acid-H,O (10: 2 : 15) 0.60 


Each spot was identified with that of authentic lactic acid. 
p-Bromophenacyl ester: m.p. 113°, 


Analysis Calcd. for C;,H,,O,Br: C, 45.99; H, 3.83. 
Found SCE AO Oona reese oe 


Determination of Lactic Acid—The sample exactly weighed (10-20 mg.) was hydrolysed 
and after removal of fatty acid as above, lactic acid content was determined by Barker 
and Summerson’s method (5) colorimetrically. 

Detection of Nitrogenous Components—The aqueous layer obtained after removal of lactic 
acid by ether extraction was evaporated in vacuo. The residue was dissolved in 40 ml. of 
water and to the solution were added with stirring sodium acetate and a slight excess of 
warm solution saturated with ammonium reineckate. The mixture was kept at room 
temperature for one hour, the precipitate appeared was centrifuged, washed with water 
and dissolved in 50ml. of acetone. To the acetone solution, a hot saturated solution of 
Ag,SO, was added to decompose the reineckate. After removal of resulted precipitate by 
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centrifugation, excess of silver ion in supernatant was removed with H,S. The silver-free 
solution was concentrated under reduced pressure and BaCO; was added to remove sul- 
furic acid. The excess of BaCO, and BaSQ, occurred were filtered and the filtrate was 
further concentrated to dryness to yield 45mg. of brown pasty residue. The residue was 
dissolved in 30 ml. of water and passed through a column of Amberlite IR 120 (H*-type). 
The column, after washing with water, was eluted with 2N HCl. The solvent was 
evaporated from the effluent to dryness to give 30mg. of slightly yellow crystal. 
The Ry values of crystal thus obtained were as follows: 


Solvent Ry 
Lutidine-collidine-H,O (1: 1: 1) 0.45 
Butanol-acetic acid-H,O (25 : 6 : 25) 0.28 


Each spot was identified with that of authentic choline chloride. 

ichAte set. p mel oo 2 
Analysis. Calcd. for C;H,,ON-C,H,O,N;: C, 39.76; H, 4.82; N, 16.89. 
Found 3 iG, 39-2) E4206; N, 16.40, 

To the filtrate from choline reineckate was added a hot solution of Ag,SO, to remove 
an excess of ammonium reineckate. The precipitate occurred was centrifuged, and the 
supernatant was treated with H,S to remove silver ion. ‘The silver-free solution was 
concentrated to about 30 ml. in vacuo. To this solution were added dropwise 10 per cent 
Na,CO,; and 25 per cent mercuric acetate keeping slightly alkaline reaction. The resulted 
precipitate was suspended in 100ml. of water and decomposed with H.S to remove me- 
reury and filtered. The filtrate was evaporated to dryness and the residue was recrystal- 
lized from aqueous ethanol to give colorless needles. Yield 30mg., Analysis. Calcd. 
for €2H{ZNO;53% @, 19.20); H, 5.60; N, 11.20. Found: .€, 19.26 ;, H, 5.10; N, 10:96. 

The R,; values of this crystal were as follows : 


Solvent Ry 
Lutidine-collidine-H,O (1: 1: 1) 0.43 
Phenol-H,O (5 : 1) 0.36 
Butanol-acetic acid-H,O (25 : 6: 25) 0.16 


Each spot was identified with that of taurine. 
Determination of Choline—30-50 mg. of the glycolipide exactly weighed was heated with 
20 ml. of 10 per cent HCl in a boiling water-bath for 2.5hours. After cooling, the 
mixture was extracted with ether to remove fatty acid, and from the aqueous layer solvent 
and HCl were evaporated to dryness in vacuo. Choline content in this residue was deter- 
mined by Glick’s method (6). 
Determination of Fatty Acid—The exactly weighed sample (10-15 mg.) was hydrolysed 
as above and fatty acid content was determined by Bloor’s method (7). 
Determination of Taurine—The exactly weighed sample (10-15 mg.) was hydrolysed and 
taurine was determined colorimetrically by ninhydrin method (8). 
O-(14-Methyl-4-pentadecenoyl)-choline (Cationic component)—A solution of 30mg. of the 
glycolipide in 10ml. of water was passed through a column packed with 40 ml. of 
Amberlite IR 120 (H*-type). The column was eluted with 80 per cent ethanolic 0.1 
HCl after washing with water. In order to remove both HCl and water avoiding further 
hydrolysis of the decomposition product, the effluent was neutralized by addition of 
Amberlite IR 4B (OH~-type) and the filtrate obtained after removal of the resins was 
evaporated in vacuo to obtain a slightly yellow paste. Picrate: m.p. 95-6°. 
Analysis Calcd. for Cj;HigO.N-CsH,0,N,: C, 57.02; H, 7.80)37 IN, 9:89: 
Found OOO 20, Gol 2 5 yIN50 9.20! 
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Anionic Component—In above treatment, a solution of glycolipide which was passed 
through Amberlite IR 120 and removed from cationic component was combined with 
washings and passed through a column packed with 40 ml. of Amberlite IRA 410 (OH- 
type). The column was eluted with 80 per cent ethanolic 0.1 N HCl after washing with 
water. The effluent was evaporated in vacuo below 30° to dryness avoiding further 
hydrolysis of the component and slightly yellow residue was obtained. 

Synthesis of N-Lactyltaurine—To a suspension of 8.0g. of finely powdered taurine in 
50 ml. of dry pyridine was added 10g of acetyllactic acid chloride (9) with stirring. After 
the mixture was allowed to stand at room temperature for 24 hours, it was filtered. The 
filtrate was evaporated in vacuo and the residual paste was dissolved in 15 ml. of ethanol. 
To the ethanolic solution a large excess of ethyl acetate was added; the syrupy precipi- 
tate occurred was separated from supernatant, dissolved in 50 ml. of 28 per cent NH,OH 
and allowed to stand in room temperature for 20 hours. The solvent was evaporated in 
vacuo and residue was dissolved in 50ml. of water. The aqueous solution was passed 
through a column of Amberlite IR 120 (H*-type) and effluent obtained was passed 
through a column of Amberlite IR 4B (OH~-type). The column was eluted with | per 
cent Na,CO; and the alkaline effluent was passed through a column of IR 120 (H*t-type). 
Resulted effluent was evaporated in vacuo to obtain a pale yellow syrup. Yield 3.2g. 
S-Benzylthiuronium salt: mp. 225-6°. 


Analysis Calcd. for C;H,O;NS-CsH,,NsS: C, 42.94; H, 5.83; N, 11.56. 
Found : C, 42.63; H, 5.95; N, 11.23. 


Alkaline Hydrolysis of Anionic Component—8 mg. of the anionic component obtained by 
ion exchange treatment was heated with 10ml. of 1N NaOH for 2 hours in boiling 
water-bath. After cooling, the alkaline solution was successively treated with Amberlite 
IR 120 (Ht-type) and 4B (OH-type) as in the case of above synthesis. The acidic 
effluent obtained was concentrated in vacuo and examined by paper chromatography. 


Solvent Ry 
Methyl cellosolve-NH,OH-H;O (80: 5: 15) 0.77 
Phenol-H,O-formic acid (75 : 24: 1) 0.52 


Each spot was identified with that of synthetic specimen of N-lactyltaurine. 


SUMMARY 


The structures of a trisaccharide and fatty acid obtained from a new 
glycolipide contained in the soft tissues of oyster were reported previously 
(1-4). The further investigations on the remaining portions of the glycolipide 
and the proposition of its total structure are given. 

This glycolipide was decomposed by strong ionic exchanger into two 
components, a cationic components consisting of choline and fatty acid and 
an anionic component consisting of taurine, lactic acid and trisaccharide. 

The total structure of this glycolipide was proposed as O-(14-methyl-4- 
pentadecenoyl)-choline N-({ O-(L-fucopyranosyl-< 1.4 >-p-glucopyranosyl-< 1.4 
>-p-glucopyranosyl)-lactyl )-taurate. 


The author wishes to express his gratitude to Prof. S. Akiya of Tokyo Medical 
and Dental University, Prof. T. Ukita and Assistant Prof. S. Okui of the University of 
Tokyo for their kind advices and encouragements. 
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| STUDIES ON THIAMINOKINASE FROM BAKER’S YEAST* 
II, NUCLEOTIDE SPECIFICITY 


By YOSHITO KAZIRO 


(From the Department of Biochemistry, Faculty of Medicine, 
University of Tokyo, Tokyo) 


(Received for publication, May 15, 1959) 


| In the previous paper of this series (/), the purification and properties of 
| yeast thiaminokinase was described, together with observations on the réle of 
divalent cations in this reaction. In the course of these studies, it was found 
that this enzyme has a broad nucleotide specificity and although at different 
: rates, it catalyzes the transfer of pyrophosphoryl group to thiamine from 
GTP**, ITP, UTP, and CTP, besides ATP. Moreover, it was noted that under 
certain conditions ATP was completely ineffective as phosphate donor and 
GTP or ITP was very effective, while under other conditions ATP was much 
more effective than any other NTP. It seemed to be of interest that the 
nucleotide specificity of this enzyme depended remarkably on the experimental 
conditions under which the reaction was carried out. 

At first some of the above observations were made with partially purified 
enzyme which contained some activity of other enzymes such as NDPkinase, 
adenylate kinase, and ATPase. Therefore, it was decided to purify the enzyme 
more extensively, in the hope of obtaining a more precise information on the 
relationship of the nucleotide specificity to experimental conditions. 

With the enzyme isolated in a considerably purified state and freed of 
NDPkinase and adenylate kinase activity, above observations were reaffirmed 
with a more careful analysis of the factors involved. Furthermore, some 
evidences were obtained for the fact that a single enzyme catalyzes the transfer 
of pyrophosphate group from various NTP to thiamine. The relative effec- 
tiveness of these phosphate donors was found to be determined by such factors 
as might influence the formation of metal-NTP complex acting as substrate in 


this reaction. 


* This work was supported in part by Grant-in-Aid for Fundamental Scientific 
Research from the Ministry of Education. 

** The following abbreviations were used: NTP, nucleoside triphosphate; ATP, 
adenosine triphosphate; GTP, guanosine triphosphate; UTP, uridine triphosphate ; 
CTP, cytidine triphosphate ; ITP, inosine triphosphate; ADP, adenosine diphosphate ; 
GDP, guanosine diphosphate ; UDP, uridine diphosphate ; CDP, cytidine diphosphate ; 
IDP, inosine diphosphate ; TDP, thiamine diphosphate ; NDPkinase, nucleoside diphos- 
phokinase; Tris, tris(hydroxymethyl)aminomethane ; and DEAE-cellulose, diethyl- 


aminoethyl-cellulose. 
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A preliminary report of this investigation has been published elsewhere 
(2). In this paper are presented the details of further studies concerning the 
effect of various factors on the nucleotide specificity. The reaction mechanism 
of the enzyme has also been presented elsewhere (3). 


EXPERIMENTAL 


Materials and methods were the same as those described in the previous paper (/). 
Thiaminokinase was prepared from baker’s yeast by the same procedure as previously 
described (J). The preparation of highest purity obtained by column chromatography 
on DEAE-cellulose was used throughout the experiments unless otherwise specified, after 
being checked for the absence of NDPkinase activity. The pH measurements were 
made with a Téyé Rika pH meter standardized with buffers at room temperature. 

The assay method for thiaminokinase activity during the enzyme purification was 
the same as that described in the preceding report (J). 

The reaction conditions will be referred in each case. 1.5 uw moles of neopyrithiamine 
was added to the TDP assay system to eliminate the residual thiaminokinase activity 
as a contaminant in the apocarboxylase preparation. 


RESULTS 


Effect of pH—As may be seen from the data given in Fig. 1, the pH- 
activity curve differed markedly with each NTP. ATP was the most active 
at alkaline pH values and the optimum was found to be around pH 8.6-8.8. 
A significant decrease in rate was observed on acid side. The pH optima for 
ITP and UTP were at 6.8 and 8.2, respectively. When GTP was used as 
phosphate donor, the reaction had a broad pH optimum ranging from 6 to 8. 
In these experiments the Mn concentration was fixed to 4x 10-* M, and other 
conditions are given in the legend to Fig. 1. 

These results should not be interpreted only in terms of pH, because as 
will be described later, it was also noted that these pH optima depended on 
the relative concentration of NTP and activator cations. 

Effect of Mn Concentration—A comparison of relative activity of each 
nucleotide as a function of Mn concentration is given in Fig. 2. In this ex- 
periment pH of the reaction medium was selected at 8.4 where all the phos- 
phate groups in NTP are known to be in dissociated form. Under these con- 
ditions the nucleotide specificity was found to be quite dependent on Mn 
concentration ; the optimal Mn concentration for GTP was in the neiborhood 
of 1x10-° M, where ATP and CTP were practially inactive. At such a high 
concentration of Mn as was required for maximal activity of ATP, very little 
activity of GTP was observed. Thus, each nucleotide had its own Mn optimum, 
and an excess of Mn resulted in an appreciable inhibition of the rate. 

The values in Fig. 2. are expressed in terms of relative specific activity, 
and the activity ratio of each nucleotide at optimal pMn was A: U:G:I:G= 
1:1:0.55:0.55: 0.25. Other conditions are indicated in the legend to Fig. 2. 

In view of the above results, the effect of pH on enzyme activity was 
reexamined at optimal concentration of Mn with each nucleotide. As shown 
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as indicated; 0.6%mole of MnSO,; wmoles of Tris-maleate buffer, pH 8.4; 
0.15 ~mole of thiamine; 0.15 umole MnSO,, as specified; 0.15 mole of 


of NTP; and the enzyme to a final Peres 
volume of 1.5ml. After incubation for thiamine; 0.15 ~mole of NTP; and the 


60 minutes at 30° the reaction was enzyme to a final volume of 1.5 ml. Other 
terminated by heating in a boiling conditions were the same as described in 
water bath for 2 minutes. A suitable 


aliquot was taken and assayed for TDP Fig. 1. The values are expressed as per 


formed (J). The values are expressed cent of optimal activity with each 
as per cent ee optimal activity with nucleotide. = CP ae @ =A 
each nucleotide. —OQ— ATP, —aA— 

UTP, —(J— GTP, —@— ITP. —aA— UTP, —@ —ITP, —[)— GTP. 


in Fig. 3, the pH optimum for all NTP was found to be above 8.0. The pH- 
activity curves in Fig. 1 were obtained at a fixed Mn concentration which 
was far higher than that required for maximal activity of GTP or ITP. From 
Figs. 1 and 3, it might be deduced that when a concentration of Mn in excess 
of the optimum is employed, the pH optimum would shift toward lower values. 
Therefore, the differences observed in pH optima with various NTP might be 
the result of different affinity of Mn to each NTP. 

Effect of Mg—In the above experiments, Mn was used as an activator 
cation. When it was replaced by Mg, comparative effectiveness of various 
NTP became entirely different from that obtained with Mn. As illustrated’ 
in Table I, GTP was the most active, and ITP and UTP showed smaller ac- 
tivity in the order named. On the other hand, little activity was observed 
when ATP or CTP was used as phosphate donor. Probably low concentrations 
of ATP or CTP could not form the complex which acts as a true substrate 
in this reaction, because these nucleotides bind Mg less storongly than does 
GTP or ITP under such conditions. In order to save expensive substrates, 
these experiments were performed at the NTP concentration of 1x10-* M, 
where the saturation of the enzyme with ATP was not reached (J). When 
ATP was used at a higher concentration of 1x 10-* M, a significant activity of 
ATP was observed even when Mg was used as an activator cation. 
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TDP ( mpmole ) 


Fic. 3. pH dependence of thiaminokinase reaction at optimal Mn 
concentration for each NTP. 

The reaction conditions were the same as those described in Fig. 1 
except that the Mn concentration were 2x 10°? M, 5x1074* M, 2x1074* M, 
21055 and. 2x 10s=M, for ATP. WEP, ITP. -GrP and Gi, respec- 
tively. The values are expressed as mmoles of TDP formed per hour. 
—O— ATP, —A— UTP, —@— ITP, —LJ— GTP, —x— CTP. 


TABLE I 


Comparative Effect of Various NTP as Phosphate Donor 
with Mg as Activator Cation 


Additions TDP formed 


(mumoles- per hour) 


TeX) ee 0.24 
Cae 0.14 
UE 0.74 
LEP 1.40 
(Cay 1.98 


The composition of the reaction mixture was as follows: Tris- 
buffer, pH 8.2, 0.02 M; MgSO,, 0.01 M; thiamine, 1x10-* M; NTP, 
1x10°4 M3; and thiaminokinase to a final volume of 1.5ml. Other 
conditions were the same as those given in Fig. 1. 


Effect of Citrate Buffer—In a series of the experiments which were carried 
out in citrate buffer, pH 6.0, GTP was the most active phosphate donorjas 
shown in Table II. At the nucleotide concentration of 1x 10-4 M, ITP was 
nearly as effective as GTP, and UTP was about 30 per cent as active as GTP, 
while ATP and CTP were again almost ineffective. These results are very 
similar to those obtained with Mg and Tris buffer in the presence of 1x 10-4 
M NTP (Table I). An explanation for these results is that the effective metal 
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concentration would be very much reduced in the citrate buffer because of 
the strong chelating effect of the citrate anion. Therefore, the relative effec- 
tiveness of various NTP becomes similar to that observed with low Mn con- 


Tasce II 
Effect of Various NTP on Thiaminokinase Reaction 
in Citrate Buffer 


TDP formed 
Additions Nucleotide Nucleotide 
1x10°°>M 1x10°4* M 
(mmoles) | (mmoles) 
ATP 0 es 
CTP 0 0 
UTP | Om 4.7 
ITP 0.6 10.8 
GTP 5.6 14.4 


The composition of the reaction mixture was as follows: Citrate 
buffer, pH 6.0, 1.7x10°?M; MnCl., 2x10°3?M; MgSO, 3.3x10-3M; 
thiamine, 1x10°-4 M; NTP, as specified; and thiaminokinase (after am- 
monium sulfate fractionation) to a final volume of 3.0ml. Other condi- 
tions were the same as those described in Fig. 1. 


centrations (cf. Fig. 2) and that observed with Mg (Table I). ATP has a small 
but significant activity at 1x 10-* M, and in this case, the higher concentration 
of ATP (1x10-* M) was not effective. 

Evidence for the Identity of the Enzyme—From the foregoing results, the 
nucleotide specificity seemed to be quite dependent upon experimental condi- 
tions, but there remained two possibilities ; First, that these activities of various 
NTP are due to contamination of different enzymes providing the mechanism 
whereby these NTP would be converted to one particular active nucleotide, 
which would be the specific substrate in this reaction. In this case a small 
amount of the latter should also be present as a contaminant in enzyme or 
nucleotide preparations.. The second possibility is that these activities are due 
to the presence of separate enzymes, each of which is specific for one particular 
nucleotide. 

In view of the fact that ATP was the most effective of all the NTP under 
certain conditions, whereas it became less active than other NTP under other 
conditions, the first possibility seemed to be improbable. Moreover, NDPkinase 
activity was not detected in the purified enzyme. In order to exclude the 
second possibility, chromatographic distribution of the enzyme activity was 
followed with ATP and ITP as phosphate donor. Activity with these phosphate 
donors was always recovered in the same fraction and with almost a constant 
ratio during the anion exchange chromatography on DEAE-cellulose column. 


(Fig. 4). 
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Fic. 4. Identity of ATP-thiamine pyrophosphokinase with ITP-thiamine 
pyrophosphokinase. 


About 55mg. of the enzyme was adsorbed on a column (1.110 cm.) of 
DEAE-cellulose which had been equilibrated with 0.05 M Tris buffer, pH 8.6. 
The chromatogram was developed by gradient elution based on the Tris 
buffer-NaCl system, with 200 ml. of 0.05 M Tris buffer, pH 8.6, in a mixing 
vessel, and with 0.4 M NaCl in 0.05 M Tris buffer, pH 8.6, in the reservoir 
vessel. The eluate was collected at a rate of 15 ml. per hour in 5-ml. frac- 
tions. Each fraction was assayed for protein (Eggo, continuous curve) and 
enzyme activity with ATP (upper stepped curve) and ITP (shaded stepped 
curve) as phosphate donor. The enzyme activity was expressed as my mole x 
10-1 of TDP formed per ml. The assay conditions were the same as described 
in the previous paper (J) except that 0.3 » mole of MnSO, was added as an 
activator when ITP was the phosphate donor. 


Further, if these activities are catalyzed by separate enzymes, each of 
which is specific for one particular substrate, an additive effect would be ex- 
pected by further addition of the second NTP to the enzyme preparations which 
has already been saturated with one NTP. However, as may be seen from 
Table III, the results did not indicate an additive effect, and rather a marked 
inhibition was observed in some cases. In these experiments, 0.15 “mole of 
each NTP was added to the enzyme preparation which was saturated with 
1x10-*M ATP. As the concentration of the second NTP was one-tenth that 
of ATP, the decrease in metal concentration would not be the cause of the 
inhibition. The lower part in Table III represents the activity of each NTP 
alone at 1x 10-* Mf concentration under these conditions. The activity of ITP 
and G'TP was very small because Mn was present in greater excess of optimal 
concentrations required for maximal activity of these NTP. 

Effect of Substrate Concentration—From the experiment shown in Table III, 
GTP seems to have a stronger affinity to the enzyme than ITP, the former 
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Taste III 

Effest of Various NTP on Thiaminokinase Reaction 

Additions TDP formed 
(mpmoles per hour) 

ACL B20 
ATP+CTP BLY 
ATP+GTP 0.70 
ATP--UTP 335741 
ATP+ITP 1.63 
CTP 0.59 ; 
GTP 0.11 
UTP 1.45 
LARP. 0.45 


The reaction mixture contained : 30 » moles of Tris buffer, pH 
8.6; 3 u moles of MnSO,; 0.15 » mole of thiamine: 1.5 » moles of 
ATP and/or 0.15 » mole of other NTP; and the enzyme to a final 
volume of 1.5ml. Other conditions were the same as those given 
iInvbic. \: 
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NTP CONCENTRATION 

Fic. 5. Effect of nucleotide concentration on thiaminokinase 
reaction. 

The reaction mixture was composed of 30 moles of Tris- 
maleate buffer, pH 8.4; 60 moles of MgSO,; 0.15 ~mole of 
thiamine ; GTP, ITP or UTP, as specified ; and thiaminokinase 
to a final volume of 1.5ml. Other conditions were the same 


as described in Fig. 1. 
—@— ITP, —— GTP, —A— UTP. 
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being more inhibitory than the latter when added with ATP, and low concen- 
trations of GTP are much more effective than ITP (Table II). As it was difficult 
to determine K,, value accurately with each NTP under the same conditions, 
saturation curves with GTP, ITP, and UTP were studied. In this experiment, 
410-2 M Mg was used as an activator to avoid the inhibitory effect caused 
by excess of Mn ions. 

As is clear from Fig. 5, GTP saturated the enzyme at lowest concentrations 
and, therefore, when compared at the nucleotide concentration of 2x 10-4 M or 
below, GTP was more effective than either ITP or UTP, whereas at the con- 
centration of 5x 10-4 M, ITP became more active than GTP. Saturation curves 
for ATP and CTP could not be obtained under the same conditions because 
they showed very little activity when Mg was used as activator. In the preceding 
report, Kn for ATP was calculated as 1.0x10-* M in the presence of Mn (J). 


DISCUSSION 


From the results reported here, it seems reasonable to assume that one and 
the same enzyme is responsible for the reaction and each NTP would react as 
such, possibly for reasons of the broad nucleotide specificity of this enzyme. 

In the preceding report of this series (/), it was pointed out that the enzyme 
activity with ATP as phosphate donor is affected by the species and concentra- 
tions of the activator cations, and pH of the reaction medium. Consequently, 
metal-ATP complex was postulated to be a possible substrate form for the 
reaction, as it has already been assumed in several cases of other phosphorylat- 
ing enzymes by previous workers (4-8). In the present study the influence of 
these factors on nucleotide specificity was examined and found to be also very 
striking. In this case, therefore, the metal-NTP complex rather than free NTP 
would be again considered as the true substrate for the reaction and 
its dissociation constant might differ with each nucleotide. The species and 
concentrations of metal would be of primary importance to the formation of 
this complex, the formation constant of which would be affected by pH of the 
reaction medium. 

The strong inhibition of the rate observed at higher levels of Mn ions is 
to be explained. Probably, a specific type of Mn-NTP complex is required 
as phosphate donor for the reaction. At a higher concentration of Mn, 
another type of complex would be formed between metal and NTP which 
would be inactive and sometimes competitively inhibitory. The alkaline pH 
would favor the formation of the latter complex because of the increase in 
dissociation of the phosphate group in NTP molecule. Although an excess of 
Mn was not inhibitory at low pH, it depressed the reaction rate above certain 
pH which was determined by the relative concentration of Mn to NTP. 
Therefore, the apparent pH optimum shifts toward the acid side with increas- 
ing concentration of Mn. 

Walaas (9) has recently determined the formation constant of various 
mononucleotide complexes with Ca, Mg, Co, and Mn, by means of a physico- 
chemical method. From his data, no such striking difference in the formation 
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constants as might be expected from observations in the present study seems 
to exist among various NTP. This discrepancy might be attributed to some 
extent to active participation of enzyme. At present, it is not clear whether 
the above results are due to the difference in the dissociation constant of each 
metal-NTP complex or to that in the affinity of the complex to the enzyme 
surface. 

It has been known that some enzymes are not absolutely specific for one 
particular nucleotide, various other nucleotides being more or less active with 
the same enzyme preparation. In most of these cases, however, the effective- 
ness of nucleotides was compared only under the optimal conditions for the 
most effective nucleotide, and usually for adenine nucleotide. Only with 
ATPase, some papers (/0-12) have recently appeared which treat the relative 
effectivenss of various NTP under different conditions. 

From the data shown in Fig. 2. it may be said that at lower concentrations 
of Mn, the nucleotides having hydroxyl group in 6-position on pyrimidine ring 
are more active, and the enzyme seems to be specific for GTP, ITP, and UTP. 
On the other hand, at higher concentrations of Mn, this group of nucleotides 
become less active than that having 6-amino group on the pyrimidine ring. 

These results seem highly significant, especially in view of the fact that in 
most of the reactions which have been reported to date to require guanosine 
nucleotide, inosine nucleotide was also active as phosphate donor or acceptor 
(13, 14). In IDPase reaction (15), it was reported that the enzyme catalyzes 
the dephosphorylation of IDP, GDP and UDP, but is inactive on ADP and 
CDP. These observations might be explained by a close resembrance of GTP 
and ITP in their behavior towards metal ions. 

It is not intended to extend these results as a general rule to all the reactions 
involving NTP. Obviously, there must also be some enzymes which are strictly 
specific for one particular nucleotide, and the above results might be due to 
the reaction mechanism of this enzyme which involves a specific type of 
transphosphorylation, i.e. the transfer of pyrophosphoryl group. However, the 
present results certainly stress the necessity of great care in the interpretation 
of the experiments of nucleotide specificity. 


SUMMARY 


1. With yeast thiaminokinase, some evidences for the dependence of 
nucleotide specificity on experimental conditions were presented. 

2. The effect of Mn concentration was most striking; the optimal Mn 
concentration required for maximal activity of ATP was about 100 times 
greater than that required for that of GTP. Each nucleotide has its optimal 
pMn and in either side the reaction rate was depressed rather sharply. 

3. In the presence of Mg, GTP and ITP were active as phosphate donor, 
whereas ATP and CTP were almost inactive. 

4. When the reaction was carried out in citrate buffer, pH 6.0, relative 
effectiveness of various NTP was similar to that observed at low concentra- 
tions of Mn, or with Mg as an activator cation instead of Mn. 
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5. The possible reasons for the dependence of nucleotide specificity upon 
these factors were discussed. 

6. The Km values for each nucleotide could not be obtained under the 
same conditions, however, under certain conditions, GTP was found to have a 
higher affinity to the enzyme than ITP or UTP. 


The author wishes to express his heartful gratitude to Prof. N. Shimazono for 
his continuous encouragements and interest during the course of this work. Thanks 
are also due to Prof. F. Dickens for his valuable suggestion at the Symposium on 
Water-Soluble Vitamins (J/6). 
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GLUTAMIC ACID FORMATION FROM GLUCOSE BY BACTERIA 


li. GLUTAMIC ACID AND a-KETOGLUTARIC ACID FORMATION 
BY BREVIBACTERIUM FLAVUM, No. 2247. 
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anD TOSHINAO TSUNODA 


(From the Central Research Laboratory of Ajinomoto Co., Inc., Kawasaki) 


(Received for publication, May 20, 1959) 


In our previous report, evidence was obtained for the presence of 
hexokinase, phosphohexose isomerase, phosphohexokinase, aldolase, DPN*- 
linked glyceraldehyde-3-phosphate dehydrogenase, TPN-linked glucose-6-phos- 
phate dehydrogenase, aconitase, TPN-linked isocitric dehydrogenase, succinic 
dehydrogenase, fumarase, TPN-linked malic enzyme (or malic dehydrogenase), 
oxalacetic carboxylase, and isocitritase in the cell-free extracts of a strain of 
Brevibacterium flavum, No. 2247, which grew on glucose as the sole source of 
carbon and accumulated a large amount of t-glutamate in its growing culture 
medium (J). 

The present paper reports some results on the formation and metabolism 
of glutamic acid and a-ketoglutaric acid by an intact cell suspension as well 
as cell-free extract of this bacterium. 


METHODS 


Determination of Glucose by Glucose Oxidase—Glucose was determined by the slightly 
modified manometric method of Keilin and Hartree (2), using ‘‘ Deoxin’”’ (Nagase- 
sangyo Co.), a glucose oxidase preparation, which contained catalase. The main com- 
partment of the manometric flask was filled with I ml. of 0.2 M@ phosphate buffer pH 5.8, 
1 ml. of the unknown solution (ca. pH 5.8), the sidearm with 0.5ml. of ‘‘Deoxin”’ 
solution (8mg. per ml.), and the center well with 0.2ml. of 20 per cent KOH. Then 
“‘Deoxin” solution was tipped in after equilibration and the determination of oxygen 
uptake was carried out at 37°. 

Determination of Urea by Urease—The method used was essentially that of Krebs and 
Henseleit (3, ¢) and depended on the manometric determination of CO, formed from 
urea at pH 5.0. 

Determination of a-Keto Acids—a-Ketoglutaric acid and pyruvic acid were determined 
as their 2,4-dinitrophenylhydrazones by the slightly modified colorimetric method of 
Friedemann and Haugen (5) at 420 and 540 my. 


* The abbreviations used throughout this paper include TPN, triphosphopyridine 
nucleotide; DPN, diphosphopyridine nucleotide; a@KG, a-ketoglutaric acid ; DiNPH, 
2,4-dinitrophenylhydrazone; Tris, tris(hydroxymethyl)aminomethane ; A Ezy), increment 
of optical density at 340 mp. 
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Determination of u-Glutamic Acid by .-Glutamic Decarboxylase—i-Glutamic acid was deter- 
mined by the manometric method (6) using acetone dried cells of E. coli ‘‘ Crookes” 
strain, a specific t-glutamic decarboxylase preparation. 

Test for Glutamic Dehydrogenase Activity—The oxidation of glutamate was measured by 
the increase of optical density at 340my caused by the reduction of TPN or DPN. 

Test for Transaminase Activity—i-Glutamic acid formed from t-amino acid and a- 
ketoglutaric acid was determined manometrically. 

Ammonia was determined by the colorimetric method using Nessler’s reagent. 
Oxygen uptake and CO, evolution were measured by the usual manometric methods. 
The methods for the preparation of resting cell suspension and of cell-free extract, paper 
chromatography of amino acids and keto acids, and determination of nitrogen content 
of cell materials were described in our previous papers (J, 7).: 


RESULTS 


Glutamic Acid Accumulation in the Growing Culture Medium—When Brev. 
flavoum-2247 was aerobically growing in the medium described in the previous 
paper (J), L-glutamic acid was accumulated with decrease of glucose and urea, 
and the amount of glutamate formed did not decrease for 35 hours after the 
maximum accumulation as shown in Fig. 1. The fact that main part of 
glutamate accumulated was formed after the maximum growth and that 
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CULTURE TIME (hours) 
Fic. 1. Accumulation of glutamic acid in culture medium of Brevibacterium 
flaoum, No. 2247. | 
Medium: glucose 3.6 per cent, urea 1 per cent, KH,PO, | per cent, MgSO,- 
Jaq. 0.04per cent, Fe** and Mn*++ 2 p.p.m. each, thiamine 100 ug. /liter, 
biotin 2 wg./liter, Ajinomoto’s ‘“‘ Mieki”’ 0.1 per cent. 
Condition: shaken at 30°. 


urea was decomposed rapidly to ammonia, suggested a possibility that resting 
cells might also form glutamic acid from glucose and ammonia in a.similar 
manner. 
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Aerobic Metabolism of Glucose by Resting Ceils—Complete oxidation of ‘one 
mole of glucose would proceed as follows: 


C.H,.O, + 6 O; => 6 Co; +6H;O 


With this bacterium, oxygen absorption stopped at a point of four moles per 
one mole of glucose as shown in Fig. 2, and the evolution of 3.5 moles of 


O2 UPTAKE AND CO2 EVOLUTION 
(mole /mole of glucose ) 


t =| 
(@) 100 200 300 
REACTION TIME (minutes) 
Fig. 2. Oxygen uptake and carbon dioxide evolution in the 
oxidation of glucose by resting cells. Reaction mixture contained 


1 wm of glucose and cell suspension (1.1 mg. N) in a final volume 
of 2.5ml. of 0.04 phosphate buffer pH 7.0, 37°. 


: 0.24 i \\ J 
© ou + a 


WAVELENGTH (mp) 

Fic. 3. Ultraviolet absorption spectra of 2,4- 
dinitrophenylhydrazones of standard a-ketoglutaric 
acid (A), pyruvic acid (B), and a-ketoisovaleric acid 
(transamination product from L-valine and aKG) (C) 
(—O—), and of reaction products (—x—) in 1N 
sodium hydroxide. 


CO, and the formation of 0.5 moles of a-ketoglutarate were observed. Paper- 
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chromatographic identification of aKG as an end product was further 
confirmed by the characteristic absorption spectrum (Fig. 3) and melting 
point of its DiNPH, which was recrystallized from water : 


melting point (uncorrected) 


Standard aKG-DiNPH DLO Se 
End product-DiNPH 210.9° 
Mixture of above two specimens 210.9° 


These results would be summarized in the following equation : 
CcH;,05 +4 O,=3.5 CO; +0.5 C;H.0,+4.5 H,O 
From a stoichiometric point of view, the other products would be negligible: 
Formation of a-Ketoglutaric Acid and Glutamic Acid by Resting cells—As 
shown in Figs. 4 and 5, a large amount of aKG (in the absence of ammonium 
ions) or glutamate (in the presence of ammoniam ions) was formed aerobically 
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Fic. 4. Formation of e-ketoglutaric Fig. 5. Formation of glutamic acid in 
acid in the oxidation of glucose by re- the oxidation of glucose by resting cells. 
sting cells. Reaction mixture contained 50m of 


Reaction mixture contained 50m _ glucose, 75 ym of ammonium chloride, and 
of glucose and cell suspension (0.88 mg. cell suspension (0.88 mg. N) in a final volume 
N) in a final volume of 2.5ml. of 0.1M of 2.5ml. of 0.1 M@ phosphate buffer pH 7.0. 
phosphate buffer pH 7.0. Shaken at 37°. Shaken at 37°. 


from glucose by a resting cell suspension. The other products detected by 
paper chromatography were: alanine, valine, pyruvic acid, aKG (in the 
presence of NH,*); pyruvic acid, and an unknown keto acid (in the absence 
of NH,*). 

The latter unknown keto acid seemed to be a-ketoisovaleric acid, since 
its DiNPH showed the same paperchromatographic behaviors and the same 
absorption spectrum as that of the transamination product from valine and 
akG (Fig. 3). ; 

Metabolism of a-Ketoglutaric Acid and Glutamic Acid by Resting Cells—As 
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shown in Table I, neither glutamic acid nor aKG was decomposed by a 
resting cell suspension under the aerobic condition given in the table, where 
about 10 ym of glutamic acid and aKG could be formed, respectively, from 
20 ym of glucose by the same amount of cells in one ml. of reaction mixture. 
However, after 5 hours very slight oxygen uptake and formation of 0.03 UM 
per ml. of aKG from glutamate were detected under the same condition. 


TABLE I 


Metabolism of a-Ketoglutaris Acid and Glutamic Acid by Resting 
Cells and Effect of Various Compounds 


Sheaate Addition | Concentration of substrate (ym /ml.) after 
(ym/ml.) 0, 100, 150, 200, 300 min. 
«KG = Mesa: OBS = 8.4 8.2 
oF — cells 8.7 — = = 8.2 
Glutamate — LOO S10%2 10.1 10.1 10.0 
$s Glucose, 10 10.0 — 10.1 — 10.0 
55 Succinate, 20 10.0 — 10.1 _— 9.6 
55 Acetate, 30 10.0 — 9.5; — 9.1 
5 Pyruvate, 20 10.0 — 9.4 = 8.7 
An Oxalacetate 20 10.0 — th! = 6.3; 


Reaction mixture contained reactants as given and cell suspension 
(0.35 mg. N) in a final volume of 1 ml. of 0.1 M@ phosphate buffer pH 7.0. 
Shaken under air at 37°. 


TABLE II 


Demonstration of Transamination Reaction by Resting Cells 


Glutamic acid | 


Substrate (um/ml.) changed Product detected 
(um /ml.) 
Glutamate (10)+pyruvate (20) —0.3 Alanine, aKG 
Glutamate (10)+oxalacetate (20) —3.9 Aspartate, aKG, pyruvate 
Glutamate (10) 0.0 — 
aKG (50)+.L-aspartate (50) +5.3 Glutamate, pyruvate 
aKG (50)+pt-alanine (50) +0.9 Glutamate, pyruvate 
aKG (50)+NH,Cl (50) +0.5 | Glutamate 


Reaction mixture contained substrates and cell suspension (0.35 mg. N) 
in a final volume of ml. of 0.1M@ phosphate pH 7.0. Incubated in a 
Thunberg tube for 150 minutes at 37° after evacuation. 


That slight oxygen uptake was not affected by the addition of methylene 
blue, an oxido-reduction dye. As given in Table I, a marked decrease of 
glutamate could be observed, however, in the presence of various compounds, 
especially oxalacetate and pyruvate, and, in fact, transaminase activities were 
demonstrated in resting cells (Table I). These results showed also that 
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glutamic acid and a-ketoglutaric acid were permeable enough to be attacked 
by the intracellular enzymes of the cells. 

Enzymes of Glutamic Acid Metabolism, and Formation of Glutamic Acid by 
Cell-free Extract—Cell-free extract, which was obtained by the sonic disintegra- 
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FIG. 6. Formation of glutamic acid Fic. 7. t-Glutamic dehydrogenase 
from a-ketoglutaric acid and L-amino activity of cell-free extract and _ its 
acid (aspartic acid, —x—; alanine, 


—A—; valine, —C-—) by cell-free ex- 
tract. Reaction mixture contained 30 um 
of sodium a-ketoglutarate, 50 wm of L- 
amino acid as indicated and cell-free 
extract (0.145 mg. N) in a final volume 
of 1 ml. of 0.1 44 phosphate buffer pH 
UO, SHE 


coenzyme specificity. 

Complete system of reaction con- 
tained 104m of sodium t-glutamate, 
0.25 ym of TPN (—x—) or DPN 
(—O—), and cell-free extract (0.155 
mg. N) in a final volume of I ml. of 
0.05 M Tris buffer pH 7.5, 23°. 


tion of washed cells as described in our previous paper (/), showed 
transaminase activities between aKG and aspartate, alanine, and valine, 
respectively, and also glutamic dehydrogenase activity, for which TPN was 
required as a coenzyme (Table III, Fig. 6, 7). Since this extract contained 
also aconitase and TPN-isocitric dehydrogenase (J), glutamic acid formation 
from citrate and ammonium ions by this extract would be expected, which 
was now proved as shown in Fig. 8, and the requirement of manganese 
ions and of catalytic amount of TPN for full activity suggested that isocitric 
and glutamic dehydrogenases were involved in this reaction. These coupled 


reactions carried out through the reduction and oxidation of coenzyme, TPN, 
were illustrated in Fig. 9. 
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Tase III 
Transaminase Activity of Cell-free Extract 
L-Glutamate formed (um/ml.) 
System — 

L-Aspartate L-Alanine L-Valine 
t-Amino acid+aKG 16.8 257 2.84 
Lt-Amino acid 0.96 0.75 0.80 
@eKG+NH,Cl 0.80 0.80 0.80 
None 0.91 0.91 0.91 


Reaction mixture contained 50m of t-amino acid, 30m of 
a-ketoglutarate, and cell-free extract (0.145mg. N) in a final 
volume of | ml. 0.1 M phosphate buffer pH 7.0. Incubated for 
4hours at 37°. 


+ 
Complete system 4E340 ly sak ae 


0.5+ 


GLUTAMIC ACID FORMED (uM/nml.) 


0.2 


-NHj, -Citrate 


0.0 


hx. 


(6) | 


0) 10 20 


REACTION TIME ( hours ) 

Fic. 8. Formation of glutamic acid 
from citrate and ammonium ions by 
cell-free extract. 

Complele system of reaction con- 
tained 20 ym of sodium citrate, 30 um of 
ammonium chloride, 0.5 um of MnSO,, 
0.063 nm of TPN, and cell-free extract 
(0.195 mg. N) in a final volume of 1 ml. 
of 0.05 M Tris buffer pH 7.5, 30°. 


REACTION TIME ( minutes ) 

Fic. 9. Reduction of TPN by tricar- 
boxylic acids and its reoxidation by the 
addition of ammonium ions in the presence 
of cell extract. Reaction mixture contained 
0.063 ym of TPN, 0.5 ym of MnSO,, cell- 
free extract (0.145mg. N), and 1 drop of 
0.02 M citrate (—X—) or isocitrate (—OQ—) 
in a final volume of 1 ml. of 0.05M Tris 
buffer pH 7.5, 24°. One drop of 0.3M 
ammonium chloride was added at the times 
indicated with arrows. 
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DISCUSSION 


In the oxidation reaction of one mole of glucose, only a-ketoglutarate and 
carbon dioxide were the end products and the amount of aKG formed 
varied from 0.5 to 0.75 moles with various cell suspensions and under various 
conditions of the reaction. Therefore, the oxidative decomposition of glucose 
by this bacterium would occur not through a single pathway but through 
two pathways, that is, one pathway for aKG formation and another pathway 
for the complete oxidation, one of which may be the Krebs cycle, since 
most of enzymes of the Krebs cycle were detected in the cell extracts of 
this cells (/). 

By intact cells, a-ketoglutarate and glutamate were not oxidized nor 
decarboxylated, but since transamination took place the inability of cells for 
the oxidation of aKG and glutamate can not ke ascribed to an impermeability 
of these substances through the cell membrane. These results consist with 
the accumulation of aKG or glutamate as the end product in the oxidation 
reaction of glucose aiid suggest that the pathway of the complete oxidation 
of glucose would not contain aKG as an intermediate product, and therefore 
not belonging to the Krebs cycle, may be, for example, the glyoxylate 
cycle (8). : 

Existence of the glyoxylate cycle in this bacterium was suggested by the 
facts that isocitritase as well as various enzymes of the Krebs cycle were 
detected in it (J) and that aKG was accumulated when acetate was oxidized 
by an intact cell suspension*. 

Glutamic dehydrogenase activity of a cell extract was considerably high, 
although the oxidation of glutamate by intact cells was negligible. Similar 
results had been obtained in the case of Micrococcus glutamicus by Kinoshita 
et al. (9). They postulated (J0, 17) from the positive effect of methylene 
blue for oxygen uptake in a system of glutamate (or citrate) and a cell-free 
extract that the inability of their intact cells for the oxidation of glutamate 
despite the presence of strong glutamic dehydrogenase might be due to the 
difficult reoxidation of reduced TPN by oxygen through the terminal 
respiratory enzyme systems. For this point however, further investigation 
would be required since cell-free extracts of bacteria can not be generally 
expected to contain these terminal respiratory enzyme systems because of 
possible degeneration during the preparation and the insoluble properties of 
these enzyme systems (/2). 

The data of the present experiment with the cell extract demonstrated 
two possible enzymic reactions for the glutamic acid formation from a-KG, 
namely transamination and reductive amination, each of which proceeded 
rapidly enough to account for the glutamate formation by intact cells. 


* unpublished data. 
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SUMMARY 


I. a-Ketoglutarate and, when ammonium ions were present, glutamate 


were formed aerobically from glucose by resting cells of Brevibacterium flavum, 
No. 2247. 


2. Glucose was not completely oxidized by resting cells, and only a- 
ketoglutarate and CO, were the end products, for instance, 


C.H,.0,+4 O,=3.5 CO,+0.5 C;H,O;+4.5 H,O 


3. a-Ketoglutarate and glutamate were not oxidized nor decarboxylated 
but transaminated by intact cells. 

4. Cell-free extract showed TPN-linked glutamic dehydrogenase activity 
as well as transamination between a-ketoglutarate and aspartate, alanine, 
and valine, respectively. 

5. Rate of the glutamate formation by cell-free extract either from a- 
ketoglutarate and aspartate or from citrate and ammonium salt could account 
for the glutamate formation by resting cells. 


The authors are indebted to Prof. S. Akabori of the Osaka University and Dr. 
H. Oeda, Dr. T. Ogawa, and Mr. N. Motozaki of our company for the helpful 
criticism and encouragement during the course of this work. 
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STUDIES ON PHOSPHOLIPIDE METABOLISM 


IX. A COLUMN CHROMATOGRAPHIC SEPARATION OF 
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An available method to fractionate the individual component in the 
mixed phospholipides from the tissues has been desired in the studies on 
chemistry and metabolism of phospholipides. However, the separation and 
purification of the individual phospholipide have been a difficult problem for 
a long time. Recently, column chromatographic technique, which was 
carried out with various adsorbents, has been recognized as an _ effective 
method to fractionate the phospholipides. 

Taurog et al. (1) were able to separate the phospholipides into two 
fractions, the choline-containing and the non-choline-containing phospholipides, 
by adsorption chromatography on magnesium oxide. Moreover, a method 
was reported by Hanahan e¢ al. (2). in which aluminium oxide was used 
as the adsorbent and lecithin was prepared in good yield and in highly 
purified form. None of these procedures, however, has permitted the 
subsequent isolation of the other phospholipides. Using silicic acid and celite, 
McKibbin was able to separate a polyglycerophosphatide (3) and an 
inositide (4) from liver. Since this time, the column chromatography on 
silicic acid has been applied to the separation of the phospholipides. Lea et 
al. (5) applied the silicic acid to the separation of the two major components 
of egg-yolk phospholipides). Hanahan é al. (6) presented a procedure, by 
which the various components in the mixed phospholipides from livers and 
yeast could be separated in a reasonable purity on a single column of silicic 
acid. A fractionation method, which consisted in utilizing silica gel and a 
gradient elution with the mixture of chloroform and methanol, has also been 
investigated in our laboratory. By this method separation into four fractions, 
phosphatidylethanolamine, a combined phosphatidylserine-phosphoinositide 
fraction, lecithin and sphingolipides, was made possible (7). 

In the present paper an improvement in a column chromatographic 


* This work was partly presented at the 3lst Meeting of the Japanese Biochemical 
Society held in Sapporo, in July, 1958. 

The following abbreviations are used: GPC, glycerophosphorylcholine ; GPE, gly- 
cerophosphorylethanolamine ; GP, glycerophosphate ; GPI, glycerophosphorylinositol ; GPS, 
glycerophosphorylserine ; GPG, glycerophosphorylglycerol ; C-M, chloroform-methanol. 
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procedure is described, whereby the individual component of mixed phos- 
pholipides extracted from rat liver and heart can be separated on silica gel 


column. 


EXPERIMENTAL 


Reagents—Solvents, which were purified and distilled, were used for lipide extraction, 
fractionation, and paper chromatography. 

Silica gel, was Kanto Chemical Company’s reagent (for chromatographic use). When- 
evec possible, fresh bottles of silica gel were used. Otherwise, before use, the silica gel 
was dried at 105° for 12hours before use. Toyo Roshi Company’s Cellulose powder 
(mesh 100-200) was used for the removal of nitrogenous contamination. 

Analytical Methods—Phosphorus was determined by Fiske-Subbarow’s method (8), 
nitrogen by the micro-Kjeldahl procedure, glycerol by Blix’s method (9), and choline 
by Entenman e¢¢ al. method (10). Plasmal was determined by Leupold’s method 
(11). The radioactivity was determined with a Geiger Miiller tube, by plating aliquots 
on ceramic (or aluminium) planchets. 

The following qualitative tests were carried out with the eluate: ninhydrin, Molisch, 
Scherer, plasmal and Liebermann-Burchard reactions. 

The detections of phosphoric acid esters produced after mild alkaline hydrolysis of 
phospholipides in the individual eluate were made by the paper chromatographic proce- 
dure, in which the materials were developed with phenol saturated with 0.1 per cent 
ammonia and buthanol-propionic acid-water (2:1:1.3). The procedure have been 
described previously (12). Moreover, the detections of the constituents other than GP 
produced with acid hydrolysis of the phospholipides or phosphoric acid esters were also 
made by the paper chromatography. The development of these substances on filter paper 
were carried out with phenol saturated with 0.1 per cent ammonia and buthanol-acetic 
acid-water (4:1: 2). 

Extraction of Phospholipides—Twelve hours after intraperitoneal injection of P®2 labeled 
orthophosphate (2.5 mc.) the rats were killed and the lipides in the liver and the heart 
were extracted separately with ethanol-ether (8:1). After grinding the tissues, about 20 
volumes of the solvent were added. The extraction was carried out at 50° for thirty 
minutes. The mixture was filtered as rapidly as possible. Then the residues were 
extracted twice with 15 volumes of the same solvent system and then filtered. The 
filtrate combined was then evaporated to dryness under reduced pressure in a stream of 
nitrogen (below 50°). The residues were reextracted with 20 ml. of petroleum ether and 
5ml. of C-M (9: 1). 

The solvent was evaporated again to dryness and the residues were reextracted with 
chloroform. This solution was passed through a column packed with cellulose powder. 
By this treatment nitrogen containing contaminants were removed. Chloroform was 
evaporated and the residues were extracted with ether. This ether solution was used as 
the material for the following column chromatographic fractionation. 

Preparation of Column—2.2g. of silica gel was packed into a glass tube (1 cm. in diameter) 
to give a bed height of 7cm. The column was washed successively with 7 ml. of 
methanol, ether and petroleum ether (b. p. 60-70°). The flow rate was kept at 1 ml, 
per minute by application of a slight pressure of nitrogen, if necessary. 
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RESULT 


Chromatographic Procedure—After the silica gel had reached a constant 
level and petroleum ether was allowed to drain nearly to the surface of the 
silica gel, the sample was poured into the column so as not to disturb the 
surface. About 70mg. of the samples were used for the liver lipides and 
about 20mg. for the heart lipides. When the solvent flowed down to the 
surface, 20 ml. of ether-methanol (8:1) were added slowly into ‘the column, 
which was then attached to the eluate receiver, and elution was carried out. 
By this procedure the acetone soluble lipides (ester-cholesterol, fat, free 
cholesterol) are removed from the column. 

Then, the subsequent elution of the phospholipides still remaining in 
the column was conducted with chloroform and methanol. The solvent was 
generally used in the following order: C-M (9:1) (@/v), C-M (4:1), C-M 
(3:1), C-M (3:2), C-M (1:1) and methanol. The size of the fractions col- 
lected was 4ml. In the experiments, the progress of the fractionation was 
followed by radioactivity determination* on each individual tube and, when 
it was necessary to change solvent system, the new solvent was added after 
the previous solvent had reached the surface of the silica gel. 

Liver Phospholipides—The elution curve are shown in Fig. 1. The fraction 
eluted with C-M (9:1) was designated as Fr. I. 
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Fic. 1. Chromatogram of rat liver-mixed phospholipides, on_ silica 


gel column. 


---A--- indicates elution curve with C-M (3:1) soon after elution 
with C-M (9:1), ---E--- indicates elution curve with C-M (1:1) soon 
after elution with C-M (3:1), ---@--- indicates elution curve with C-M 


(1 : 2) soon after elution with C-M (3: 74). 


* Twelve hou after intraperitoneal injection of P%? labeled orthophosphate the 
specific radioactivity of the individual phospholipide had been shown to be equal. Cis 
Therefore, the radioactivity is pararell to the lipide-P and then the activity curve accords 


with the lipide-P curve. 


1610 T. SAKAGAMI, T. SHIMOJO AND A. YOKOYAMA 


In the elution with C-M (4:1) the size of the fractions collected was 
2ml. This C-M (4:1) fraction was designated as Fr. II. and the following 
C-M (3:1) fraction as Fr. II. 

If the eluting solvent was replaced with C-M (3:1), soon after the 
elution with C-M (9:1), the peak found with C-M (4:1) elution was not 
clearly recognized as shown with the dotted line. Therefore, it was thought 
that Fr. II was inseparable from Fr. III, when the eluting solvent was changed 
directly from C-M (9:1) to C-M (3:1). 

As the activity did not change after the tenth tube, so the solvent system 
was replaced with C-M (3:2) on the twelfth tube. The elution curve with 
C-M (3:2) showed also a peak. The highest activity was already found in 
the second tube. Then, it decreased gradually. However, the activity 
increased again from the seventh tube. This fraction eluted with C-M (3: 2) 
to the sixth tube was designated as Fr. IV. When the elution continued 
with C-M (3:2), the activity increased to the tenth tube and then decreased 
very slowly. The significant activity was found still more after the elution 
with 100ml. of this solvent system and a large quantity of solvent was 
necessary to obtain the eluate showing slight activity. However, if the solvent 
system was replaced with C-M (1:1), the lipide was eluted more rapidly 
than C-M (3:2). The activity in the eluate increased sharply to the tenth 
tube and then showed a fairly sharp decline. This C-M (1:1) fraction 
designated as Fr. V. 

The solvent was replaced with methanol on the seventeenth tube. In 
this elution a peak was found.. The activity was highest in the second tube. 
This fraction was expressed Fr. VI. 

When C-M (1:1) was used as the eluting solvent system soon after C-M 
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Fic. 2. Chromatogram of rat heart-mixed phospholi- 
pides, on silica gel column. 


(3:1), the elution curve of this case is shown as the dotted line. In this case 
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Fr. IV was inseparable from Fr. V. If the elution with C-M (Ls 2) was 
employed after C-M (3:2), the elution curve as shown in Fig. 2 was obtained. 
In this case it was noticed that Fr. VI was inseparable from Fr. V, because 
the activity contained in the original sample had been already recovered, 
though the peak of Fr. VI was not found. 

These results show that the phospholipides from the rat liver can be 
separated in six fractions by this column chromatographic procedure on 
silica gel. 

The reproducibility of this fractionation was excellent, as is shown in the 
data of the distribution of phospholipide in the eluates, which follows: 


Pre ol 1-1.5 per cent ( 1 per cent) 
Il 1-3 5 (2 ‘3 ) 
1 27-28) (28 x ) 
IV 5-6 56 (6 “5 ) 
V 56-59 3 (57 4 ) 
VI (5-7 6 @ 40 ) 
Total 99 per cent 


Heart Phospholipides—Fractionation of the phospholipides extracted from 
the heart was carried out with the same solvent system as in the separation 
of the liver phospholipides. The elution curve was shown in Fig. 2. The 
phospholipides from the heart were separated into six fractions. The 
distribution of the phospholipides in the eluates was as follows: 


Fre, I 1 per cent 
II ] 
Ill 36 45 
LVS >> 
Vv 42 3 
VI 7 5 

Total 100 per cent 


Chemical Nature of Eluate Fractions—As shown in Figs. 1. and 2. the 
phospholipides were separated into six fractions. The results of quantitative 
analysis and qualitative tests of the individual fraction are shown in Table I 
and II and Fig. 3. 

The initial fraction (Fr. I) was composed of a high glycerol-containing 
component (Glycerol: P=1.25). The autoradiogram after mild alkaline 
hydrolysis of the eluent shows that the main lipide in Fr. Ts‘an unknown 
phospholipide. Ry value of the hydrolysate accords with GPG obtained as 
the hydrolysate of phosphatidylglycerol the presence of which in plant tissue 
have been described by Benson and Maruo (/3). However, the existence 
of this lipide in the animal tissues has not yet been reported up to the 
present. Meanwhile, the phospholipides containing polyglycerophosphate 
have been reported by Pangborn (cardiolipin) (/#), Fleury (glycero- 
phosphatogéne) (75), McKibbin and Taylor (polyglycerophosphatide) (3) 
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Fic. 3. Autoradiogram of mild alkaline hydro- 
lysates of liver phospholipides eluated. 
Solvent system: 1. Phenol-NH; (0.1 per cent), 
ascending, 14 hours. 
2. Buthanol-propionic  acid- 
H,O, ascending, 12 hours. 


TABLE I 


Qualitative Analysis and Quantitative Tests of Liver Phospholipides Eluted 
into Individual Fraction by Various Solvent System 


CM (9:1)G-M (4:1)C-M (3:1)C-M (3:2)C-M (1:1) Met OH 
ais Ke Agile al hla 
P (%) 3.81 | 3.70 | 3.65 | °3.5l!) 38 | 3.95 
N (%) | eS Gee 1.38 ; ae heen 
Glycerol (%) | 14.2 97 | 101 91 | 10.2 2.93 
Choline (%) — | $2 00 0.0 | 165 | 14.0 
N:P 4 aviehing eat ieee 0.84 a 1.05 | we 
Perce ees | 0.88 0.93 0.88 0.91 0.25 
Choline 1s P ai te 0.0 0.0 097.) 0.77 
‘ inven test : + ate 4b | ig | — ; a 
Mio Tac hinted til woe ee a ft =. ohhees 
Scherer » oe | pees ee uit eh edn 
Acetal Dest Heys | tut ae | 4h 5 oe 4h ar. 
Liebermann-| ¥s | | ii 
B UWF Cc h a rd og ad ma ve wn 
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TABLE II 


Qualitative Tests of Heart Phospholipides Eluted into Individual 
Fraction by Various Solvent System 


pe. Fraction CM (9:1)C-M (4:1)}\0-M (3: 1) C-M (3:2) C-M (1: 1) Wel As 
er I ry yey lave 

= r tes Se es we Il | Ive | W ai 
Eo eecae Scien Wile slay ioe eon uadvott 
Molisch | aes oa a ‘ Fi See 
Scherer si ai s a | = = 
Acetal x 4 mi i - 7 
Liebermann- aT ii SS | 
Burchard | = oh bile aa 7 | ms 


and Igarashi et al. (16). Therefore, further works* are required for 
identification of this lipide. In the autoradiogram another spot which showed 
low activity was found. It accorded with GPS. Then, it was recognized 
that Fr. I contained two phospholipides, namely, a phospholipide having high 
glycerol content as the main component and small amounts of phosphatidyl- 
serine. Furthermore, of interest was the finding that plasmal reaction was 
the most intensive in Fr. I of the liver, though it was also found to be 
positive in Fr. I, III, IV and V. In the heart, however, plasmal reaction 
was the most intense in Fr. HI and was weak in Fr. I. These results shows 
that some types of acetal phospholipide other than ethanolamine or choline 
derivatives, exist in animal tissues and the content of fatty aldehyde is the 
higest in Fr. I (a high glycerol containing phospholipide fraction) in the liver, 
while in the heart it is higher in Fr. III (phosphatidylethanolamine fraction) 
than in other fractions. 

The second fraction (Fr. II) was shown to contain phosphatidylserine as 
the main component by the autoradiogram. Three radioactive spots were 
detected on the paper developed after mild alkaline hydrolysis. Their Rf 
values accorded with those of GPS, GPE and GPG. However, nearly all the 
activity localized in GPS., showing that this fraction mainly consisted of 
phosphatidylserine. 

The phospholipide in the eluate Fr. III was found to be phosphatidyl- 
ethanolamine by the autoradiogram after mild alkaline hydrolysis. The 
autoradiogram showed that nearly all its radioactivity based on GPE. Only 


* In the proceeding experiments with large amounts of ox liver phospholipides the 
following data is obtained for Fr. I: P, 3.87 per cent; N, 0, 0.56 per cent; glycerol, 
13.9 per cent; acetal, 9.95 per cent. 

The nitrogen content decreases to a negligible degree by rechromatography of the 
eluted lipides in Fr. I with C-M (95: 5) on silica gel, but the increase in glycerol content 
is small. Therefore, the main component of Fr. I is a polyglycerophospholipide. 
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slight activity was found on area accorded to GPS. Then, the phospholipide 
in this fraction is phosphatidylethanolamine. 

Fr. IV was the only fraction which showed positive Scherer test. The 
autoradiogram of mild alkaline hydrolysate of the eluted phospholipide showed 
three spots containing radioactivity. The highest activity was found in the 
spot accorded with GPI. The other two spots showing very low activity 
accorded with GPS and GPG respectively. From these results it was suggested 
that the main phospholipide eluted into this fraction is inositol containing 
phospholipide. 

Fr. V was the first choline-positive fraction. From the analytical data 
it was supposed that this fraction composed of phosphatidylcholine. The 
autoradiogram showed also a single spot which contained radioactivity. Its 
R; accorded with GPC. These results indicate that the phospholipide eluted 
with C-M (1:1) was phosphatidylcholine. 

Fr. VI contained also phospholipides. The analytical data in Table I 
show that this fraction has the highest nitrogen and lowest glycerol content. 
The ratios of choline to phosphorus, glycerol to phosphorus and nitrogen to 
phosphorus were 0.93, 0.25 and 1.40 respectively. From these results it was 
suggested that this fraction contained two phospholipides, one of them being 
sphingomyelin-like phospholipide of high nitrogen content and the other 
phosphatidylcholine. The autoradiogram showed the existence of GPC, but 
sphingosylphosphoryl compounds could not be detected as a spot. This may 
be due to the fact that most sphingolipides are not hydrolysed by the mild 
alkaline hydrolysis above described and so these lipides are transferred to the 
organic solvents, thus escaping detection. 


DISCUSSION 


In the previous report the fact that the phospholipides mixture can be 
separated into four fractions by a column chromatographic method has been 
presented. In the present investigation the method has been studied in detail 
and a satisfactory separation of many of the components of the phospholipides 
from rat liver and heart can be achieved through column chromatographic 
procedure on silica gel. In effect with varying mixtures of chloroform- 
methanol (9:1; 4:1; 3:1; 3:2; 1:1 and 0:10), the phospholipides can be 
separated into six fractions, namely a phospholipide of high glycerol and low 
nitrogen content, the phosphatidylserine, the phosphatidylethanolamine, the 
inositol containing phospholipides, the phosphatidylcholine and a combined 
phosphatidylcholine-sphinogolipides fraction. The elution pattern obtained 
was reproducible. The percentage of the phospholipide eluted into the 
individual fraction was constant for the liver and the heart respectively, 
though the values varied to a small extent according to the kind of the 
tissue examined. The lipide phosphorus applied to a column can be recovered 
in good yields for the phospholipides from the liver and heart. This 
procedure, however, may not be applicable to every source of phospholipides. 
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The initial fraction contained a phospholipide of high glycerol and low 
nitrogen content. ‘T’he lipide is not clearly identified at present. Analytical 
data suggest that it is not phosphatidylglycerol, but a polyglycerophospholipide, 
though R; value of the mild alkaline hydrolysate on the autoradiogram is in 
accord with that of GPG. It has already been known that the content of 
the acetal phospholipides was small in the liver. In the present study it was 
demonstrated that its largest part was concentrated in the initial fraction, 
though plasmal reaction was positive in Fr. I, III, IV and V respectively. 
On the other hand, the acetal phospholipides in the heart distributed as the 
ethanolamine and choline derivatives for the most part. 

The major components, phosphatidylcholine and phosphatidylethanol- 
amine, can be separated in highly purified form on a _ single column 
chromatography, although these were contaminated with very small amounts 
of other phospholipides. 

The minor components were also prepared in comparatively purified 
form. The most part of the inositol-containing phospholipides were eluted in 
Fr. IV. Previously the fact that the inositol containing phospholipides are 
eluted subsequent to phosphatidylethanolamine and preceding phosphatidyl- 
choline was presented by us. Hanahan et al. (6) indicated the same 
result. These finding offer a useful tool for the isolation of inositol containing 
phospholipides instead of the classical solvent method of Folch (/7). 

Thus the fractionation of the mixed phospholipides into the individual 
component in purified form could be achieved with good recovery. Applying 
this method, the isolation of the individual components, especially the 
phospholipides in Fr. I and IV, from large quantities of the liver and the 
heart are now proceding. The details of this investigation will be reported 
in forthcoming publication. 


SUMMARY 


The column chromatographic separation of the mixed phospholipides 
from rat liver and heart on silica gel was described. Through the use of 
various mixtures (v/v) of chloroform-methanol (9:1; 4:1; 3:1; 3:2; 1:1) 
and methanol the phospholipides can be separated into six fractions, namely 
a high glycerol, low nitrogen containing phospholipide, phosphatidylserine, 
phosphatidylethanolamine, phosphoinositides, phosphatidylcholine, a combined 
phosphatidylcholine-sphingolipides fraction. It is also known that plasmal 
reaction is the most intense in Fr. I of the liver, though it is found to be 
positive in other fractions. Thus, it may be thought that the high glycerol 
containing acetal phospholipids is larger in amount than other acetal phos- 
pholipides in the liver. In the heart tissue, however, the acetal phospholipides 
distributed as the ethanolamine and choline derivatives for the most part. 
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In the previous paper (/) it has been shown that small amounts of the 
mixed phospholipides isolated from rat liver were separated into six fractions 
and both phosphatidylserine and phosphatidylethanolamine could be obtained 
in highly purified form by a single column chromatography on silica gel. 
Then, the column chromatographic separation was followed by large quantities 
of mixed beef liver phospholipides. 

In the present paper it is described that phosphatidylserine and phosphatidyl- 
ethanolamine are also eluted with chloroform-methanol (4:1) and (3:1) 
separately and are able to be purified easily by rechromatography on silica 
gel. 


EXPERIMENTAL 


Reagents—All solvents were purified and redistilled before use for lipide extraction 
and fractionation. Silica gel was Kanto Chemical Company’s reagent (for chromatogra- 
phic use), and a fresh one should be always used as bottles is opened, otherwise, the 
silica gel was dried for 12 hours at 105° before use. Cellulose powder mesh 100-200, 
was a product of Toyo Roshi Kaisha, Ltd. 

Methods—Phosphorus was determined dy Fiske-Subbarow’s method (2), nitrogen 
by the micro-K jeldahl procedure, glycerol by Blix’ method (3), choline by Ent en- 
man et al. method (4), plasmal by Leupold’s method (5) and iodine number by 
Yasuda’s method (6). Total fatty acids were isolated by ether extraction from hy- 
drolysate with hydrochloric acid, washed well with water, desiccated with anhydrous 
sodium sulfate and processed by the usual manner. GP** was separated as barium salt 
and identified by both the chemical analysis and paper chromatography. GPS and GPE, 
the mild alkaline hydrolysis products of phosphatidylserine and phosphatidylethanolamine, 
were separately obtained as barium salt and identified by paper chromatography. ‘The 
bases, serine and ethanolamine, were identified by paper chromatographic procedure. 


* This work was partly presented at the 3lst Meeting of the Japanese Biochemical 
Society held in Sapporo, in July, 1958. 

** The following abbreviations are used in this report: GP, glycerophosphate, GPS, 
glycerophosphorylserine, GPE, glycerophosphorylethanolamine, GPG, glycerophosphorylgly- 
cerol, DNFB, dinitrofluorobenzene, DNP, dinitrophenol, C-M, chloroform-methanol. 
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They “were also isolated as DNP-derivatives and compared with the authentic DNP-serine 
and DNP-ethanolamine respectively, which were prepared from pi-serine and ethanolamine 
hydrochloride. These bases and other ninhydrin reactive substances were detected qua- 
litatively by paper chromatographic procedure. Carbohydrates were detected by Molisch 
reaction, sterols by the Libermann-Burchard test and inositol by Scherer’s test. 


ISOLATION OF PHOSPHOLIPIDES 


About 2kg. of beef liver were minced and dehydrated with acetone for 
a day and then filtered. The residues were extracted with 95 per cent 
ethanol-ether (3:1) mixture at 50° for thirty minutes and then filtered. The 
residues were reextracted with the same solvent system and then filtered. 
For the lipide extraction 50 volumes of the solvent were used. The filtrate 
combined was then evaporated to dryness under reduced pressure in a 
nitrogen stream. The residues were reextracted with ether. Then, the ether 
extracts were concentrated to a small volume, to which a 10 volumes of 
acetone were added. The mixture was kept in a refrigerator overnight. 
Acetone soluble lipides were removed and the acetoneinsoluble lipides were 
washed several times with acetone and dried in vacuo. The material thus 
obtained was 66¢. The ether solution of this substance was applied to the 
following column chromatography. 


Isolation of Crude Phosphatidylserine and Phosphatidylethanolamine 


Preparation of Columns—One hundred and teng. of the silica gel per 5g. 
of phospholipides to be applied were packed in the column (5cm in diameter) 
to give a bed height of 12cm. Then, the column was washed with 200 ml. 
of methanol, and then 200ml. of ether. The flow rate of 6 to 8ml. per 
minute, was maintained, if necessary, by a slight nitrogen pressure. 

Chromatographic Procedure—When the level of washing solvent proceeded 
down nearly to the surface of silica gel layer, 5g. of the sample dissolved in 
250 ml. of ether was placed on to the column so as not to disturb the surface. 
When the solvent was decreased to drain nearly to the surface, ether-methanol 
(8:1) were added slowly into the column and the column was attached to 
the eluate receiver. ‘Three hundred ml. of this solvent mixture were poured 
into the column. Then, the separation of phospholipides was carried out 
with mixture (v/v) of chloroform-methanol. The elution was carried out with 
the following order: C-M (9:1) 500ml. (Fr. D, C-M (4:1) 300ml. (Fr. ID, 
C-M (3:1) 1000 ml. (Fr. III), C-M (3:2) 500 ml. (Fr. IV), C-M (1:1) 1500 ml. 
(Fr. V) and methanol 500 ml. 

The content of lipide-phosphorus eluted into the individual fraction was 
shown in Table I. 

As it is considered that phosphatidylserine is eluted mainly into Fr. II 
and phosphatidylethanolamine into Fr. III based on the previous experiments. 
(1), the analysis for these fractions were performed. The data is shown in 
Table II. The results showed that the phospholipides eluted into Fr. II and 
III containing none of choline. Scherer test was negative.. The mild alkaline 
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TABLE I 


The Content of Lipide-Phosphorus Eluted into 
the Individual Fraction 


i Eluting solvent | _ Lipid-P is 
a (mg.) | (%) 
0 Ether : methanol (8:1) | 0.0 | 0.0 
I | Chloroform: methanol (9:1) 705. 2.7 
Ul 2 et (4:1) | 108.5 ree 
Il Ee =e (3:1)| 544.0) 21.0 
IV . ong (3:2) | 288.0 | 11.0 
Vv a ee (1:1) | 1400.0 | 53.0 
VI | Methanol | 240.0/ 8.0 


TABLE II 


Quantitative Analysis of Fractions Obtained from 
Chromatogram of Beef liver Phospholipids on Silica Gel 


ee 
rae Fr. I Fr. Ill 
SS 

is (YH) 3.76 Bale? 
N (%) 1.63 1.66 
N : P (molar ratio) 0.97 0.99 
Glycerol (%) 10.9 10.5 
Gly. : P (molar ratio) 0.98 0.95 

Choline (%) 0 0 

Sugar (%) _ = 
Fatty acid (%) 53.0 61.6 
| Fatty acid : P (molar ratio) 155 1.81 
Aldehyde (%) 0.20 0.22 

Iodine Number 57 | 84 

1) In order to calculate the molar ratio of its, fatty 

acid was considered as oleic acid (molecular weight 282). 


hydrolysates of Fr. U and III lipides were detected separately by paper 
chromatographic procedure. A few spots of phosphorus compounds were 
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found on the chromatogram, though GPS and GPE were recognized as the 
main substances in the hydrolysates of Fr. II and Fr. Il respectively. 

Rechromatography of Crude Phosphatidylserine—In order to purify, a re- 
chromatography on silica gel was carried out. 

The crude preparation (2.7 g.) were dissolved in 75ml. of C-M @2h: 
Ten g. of the silica gel were packed into the column (2.2 cm. in diameter). 
Then, the column was washed with 50 ml. of C-M @Q:1). When the solvent 
was decreased to drain nearly to the surface, the sample was poured carefully. 
The elution was performed with the following solvent system successively : 
C-M (9:1) 50ml, C-M (4:1) 100ml. and C-M (3:1) 60ml. The elution 


curve are shown in Fig. 1. 


PHOSPHORUS ( mg.) 
a= oo 


20 40 60 80 100 30 60 
je— CM 4:1 —#}-—— CM 3:| — 
VOLUME OF ELUATE (ml.) 
Fig. 1. Rechromatography of fraction (4:1) by 
silica gel column. 


The eluate with C-M (4:1) (20-100 ml.) was combined and the solvent 
was evaporated to dryness under reduced pressure in a nitrogen stream. The 
residues were redissolved in 30 ml. of chloroform. ‘This solution was passed 
through a column (2.2cm. in diameter) packed with 20g. of cellulose powder 
and washed with 100ml. of chloroform. The eluted solution was evaporated 

(and the residues were dried in vacuo. The yield of the substance thus 
obtained was 1.6g. This substance was readily soluble in chloroforn, soluble 
in ether and insoluble in acetone. 

Hydrolysis of Phosphatidylserine—The material thus obtained was hydrolyzed 
with acid and alkali separately. 

(1) Acid Hydrolysis: The preparation (0.5¢.) free from solvent were 
hydrolyzed in a boiling water bath for 4 hours with 10 ml. of 3 N HCl. The 
hydrolysate was extracted with 50 ml. of ether in four portions. The aqueous 
phase was decolorized with charcoal and concentrated to dryness under 
reduced pressure on a warm water bath. The residues (140 mg.) were 
redissolved in 5 ml. of water. Then, solid Ba(OH); was added till the solution 
is alkaline. Precipitate appeared which was centrifuged and the clear 
supernatant was decanted. To the supernatant were added an equal volume 
of absolute ethanol. Immediately barium glycerophosphate precipitated: 
After standing for several hours the mixture was centrifuged and the super- 
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natant was decanted. The yield of barium glycerophosphate was 93 mg. The 
excess of Ba(OH), was removed from the supernatant as barium carbonate. 
Then, the solution was concentrated dryness. The weight was 57mg. This 
preparation was detected by paper chromatography with phenol saturated 
with 0.1 per cent ammonia and buthanol-acetic acid-water (4:1:2). A single 
spot was found on each chromatogram and its R, accorded with that of 
serine. ‘he DNP derivative, prepared by the method of Sanger (7), 
recrystallized from methanol has m.p. 174°, which is in accord with that of 
the DNP-.-serine. Furthermore, the absorption curve of this compound was 
identical with that of authentic DNP-serine: 

The ether layer of the acid hydrolysate was evaporated to dryness under 
reduced pressure in a nitrogen stream. The residues were dried in vacuo. 
The yield was 250mg. These fatty acids consisted of 28.3 per cent of solid 
acids (m.p. 62-65°) and 71.7 per cent of liquid acids. 

(2) Mild Alkaline Hydrolysis: One g. of the preparation was hydrolyzed 
with 0.2 VN NaOH in a mixture* of chloroform, methanol and water at 37° 
for thirty minutes. Then, 160 ml. of ice-cold water were added. The milky 
solution was passed through a column packed with Amberlite IRC 50. The 
column was washed with water thoroughly. The slightly acidic eluate was 
extracted with 200 ml. each of chloroform, ether, petroleum ether and 300 ml. 
of isobutanol successively. The aqueous layer was neutralized with dilute 
ammonium hydroxide and evaporated to dryness under reduced pressure 
below 50°. ‘The residues were dissolved in 5ml. of water. A portion of this 
solution was subjected to paper chromatography. Only a single spot was 
detected on the chromatograms developed with phenol saturated with 0.1 per 
cent ammonia water and butanol-propionic acid-water (2:1:1.3) by ninhydrin 
and molybden reagents, the R,; value being identical with that of GPS. 
Then, the following procedures were carried out on the greater part of the 
solution. Solid barium hydroxide was added to the solution. None of 
precipitate did appeared. Then, an equal volume of ethanol was added to 
it. None precipitate was produced. When additional 5 ml. of ethanol was 
added, white precipitate was produced. After standing overnight in a 
refrigerator, the precipitate was centrifuged and washed twice with ethanol- 
water (2:1). After drying in vacuum, the substance weighed 150 mg. 

After barium was removed as barium carbonate, the material was 
hydrolyzed in a boiling water bath for thirty minutes with 1 N HCl. Then, 
the hydrolysate was evaporated to dryness under reduced pressure and 
hydrochloric acid was thoroughly removed. The residues were dissolved in 
a small amount of water. Solid barium hydroxide was added to the solution. 
Then, an equal volume of ethanol was added. Precipitates of barium 
glycerophosphate appeared which was centrifuged and dried in vacuo. From 
the filtrate the excess of barium hydroxide was removed by centrifugation 
as barium carbonate. The filtrate was concentrated and used for paper 


#6 CHCl, 50 alp MeOH 25 ml., H,O 5ml., and 1n NaOH/CH;0OH 20 ml. 
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chromatographic procedure. Only one spot, which was positive with ninhydrin 
reagent, appeared on paper chromatogram, developed separately with phenol 
saturated with 0.1 per cent ammonia water and n-butanol-acetic acid-water 
(4:1:2). Its Ry accorded with that of serine. The yield of this substance 
was 35mg. Phosphorus containing substances were not detected on the 
chromatograms. Sugars were not also detected. 

Rechromatography of Crude Phosphatidylethanolamine—The crude preparation 
(10g.) were dissolved in 200 ml. of chloroform. Silica gel (100g.) was packed 
into the column (50cm. in diameter) and washed with C-M (9:1) 100ml. 
and then C-M (4:1) 100ml. After the sample was poured into the column, 
the elution was performed with the following solvent system successively : 
C-M (9:1) 100ml, C-M (4:1) 300ml, and C-M (3:1) 500ml. The elution 
curve are shown in Fig. 2. 


a oa 
or 2S 


oS 
Oo 


PHOSPHORUS (mg.) 
ine) Ww 
Oo Oo 


oO 


100 200 300 100 200 300 400 
[+— C-M 4:1 —>}<——— C-M 3:| ———> 
VOLUME OF ELUATE (nml.) 
Fig. 2. Rechromatography of fraction (3:1) by 
silica gel column. 


The eluate with C-M (3:1) (150-450 ml.) was combined and the solvent 
was evaporated to dryness under reduced pressure in a nitrogen stream. ‘The 
residues were redissolved in 200ml. of chloroform. This solution was passed 
through a column (2.2cm. in diameter) packed with 20g. of cellulose powder 
and washed with 300ml. of chloroform. The effluent was evaporated and 
the residues were dried zn vacuo, which weighed 6.0g. This substance was. 
soluble in ether, chloroform and ethanol, insoluble in acetone. 

Hydrolysis of Phosphatidylethanolamine—The preparation eluted with C-M 
(3:1) by rechromatography on silica gel was hydrolysed with acid and alkali 
separately. 

(1) Acid Hydrolysis: One g. of the sample were hydrolyzed in a boiled 
water bath for 4 hours with 10ml. of 3N HCl. The hydrolysate was 
extracted with 100ml. of ether in four portions. The aqueous layer was 
decolored with charcoal and concentrated to dryness under reduced pressure. 
The residues were dissolved in 5 ml. of water and then solid barium hydroxide 
was added. The precipitate appeared was removed by centrifugation. To 
the clear supernatant were added an equal volume of absolute ethanol. 
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Immediately white precipitate appeared. After standing several hours it was 
removed by centrifugation and dried in vacuum. The weight was 150 mg. 
It was shown to be barium glycerophosphate by analytical and paper 
chromatographic results. 

Excess of barium hydroxide was removed from the supernatant as barium 
carbonate. The filtrate was evaporated to dryness under reduced pressure. 
The yield was 70mg. A small amount of this material was applied to paper 
chromatography. Only one ninhydrin positive spot was found on the paper 
chromatograms developed with phenol saturated with 0.1 per cent ammonia 
water and n-butanol-acetic acid-water (4:1:2). Ry of the spot accorded with 
that of ethanolamine. Its DNP-derivative, prepared by the method of 
Axelrod (@) and recrystallized twice from ether and dried in vacuo, melted 
sharply at 90°, and thus was identified as DNP-ethanolamine. Furthermore, 
the absorption curve of this compound was identical with that of authentic 
DNP-ethanolamine. 

The ether layer of the acid hydrolysate was evaporated to dryness under 
reduced pressure in a nitrogen stream. The residue was dried in vacuo. The 
yield was 616mg. The fatty acids were consisted of 19.7 per cent of solid 
acids (m.p. 68-69°) and 80.3 per cent of liquid acids. 

(2) Mild Alkaline Hydrolysis: One g. of the preparation was used. The 
procedure was the same as described in phosphatidylserine. After hydrolysis, 
removal of alkali by Amberlite IRC 50 and extraction with organic solvents, 
the water phase was neutralized with dilute ammonium hydroxide and 
evaporated to dryness under reduced pressure below 50°. By paper chromato- 
graphy of this solution it was shown that the substance contained in this 
solution was only one and it was GPE. Then, solid barium hydroxide was 
added and ethanol was added until precipitation occurred. After standing 
overnight in a refrigerator, the white precipitate was centrifuged and washed 
twice with ethanol-water (2:1). After drying im vacuo, it weighed 150 mg. 

After barium removed as barium carbonate, it was hydrolyzed with 1 NV 
HCl. The hydrolysate was evaporated to dryness under reduced pressure 
and hydrochloric acid was thoroughly removed. The residues were dissolved 
in a little water. Solid barium hydroxide was added to the solution. Then, 
an equal volume of ethanol was added. The white precipitate was centrifuged 
and dried in vacuo. From the supernatant the excess of barium hydroxide 
was removed by centrifugation as barium carbonate. The filtrate was 
evaporated to dryness under reduced pressure below 50°. The residues were 
dried in vacuo. This weighed 35mg. Its paper chromatogram showed that 
this substance was ethanolamine. Phosphorus containing substances and sugars 
were not detected. 


DISCUSSION 


The isolation of phosphatidylethanolamine from the animal tissues had 
been carried out by many investigators up to the present. Majority of the 
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methods, however, were complicated and the preparations were not always 
pure. Recently it was found that column chromatographic procedure is a 
useful tool for the isolation of various lipides. Hanahan éf al. (9) and 
Sakagami et al. (J) reported that the mixed-phospholipides from the 
animal tissues were separated into several fractions and phosphatidylethanol- 
amine and phosphatidylserine could be obtained in highly purified form by 
a single chromatographic procedure on silicic acid or silica gel column using 
comparatively small amounts of lipides. In the present experiments the 
column chromatographic separation of large amounts of mixed-phospholipides 
from beef liver was tried. The results showed that large amounts of 
phospholipides could also be separated into the same fractions as found in 
the case of small amounts. Then, in order to purify phosphatidylserine and 
phosphatidylethanolamine thoroughly, rechromatography of these substances 
were carried out. From the results as shown above it was found that 
phosphatidylserine and phosphatidylethanolamine were absolutely purified by 
the procedure and obtained in good yield. Thus, it is thought that this 
method is a simple and convenient one to purify these phospholipides and to 
obtain in good yield. 


SUMMARY 


By use of large amounts of mixed-phospholipides from beef liver, a 
column chromatographic separation was investigated. The results showed 
that large amounts of mixed-phospholipides could also be separated into the 
same fractions as obtained in the small scale chromatography. 

Though phosphatidylserine was mainly eluted with C-M (4:1) and 
phosphatidylethanolamine mainly with (3:1), they were contaminated with 
other lipides. Therefore, in order to purify these lipides rechromatography 
was carried out. Acid hydrolysis and mild alkaline hydrolysis showed that 
phosphatidylserine and phosphatidylethanolamine could be highly absolutely 
purified by the procedure in good yield. 
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The bonding between nucleic acid and protein in the deoxyribonucleo- 
protein (DNP) molecule seems to have been established as an electrostatic 
one (/), while there have been some indications that that in ribonucleoprotein 
(RNP) molecule is not purely electrostatic, hydrogen bonds being probably 
involved. Proving that ribonucleic acid (RNA) can be isolated from 
mammalian tissues by treatment with phenol, Kirby (2) concluded that 
RNA-protein link would be of hydrogen bond nature, which were disrupted 
by phenol, a hydrogen bond forming compound. In 1958, Elson (3) reported 
the dissociation of RNP by urea treatment and arrived at a similar conclusion. 

Recently the present authors* have examined the effect of various 
hydrogen bond forming compounds on the RNP isolated from the rat liver 
microsomes and found that, beside phenol, o-cresol can isolate RNA from the 
RNP. In spite of the apparent homogeneity of the electrophoretic patterns, 
however, these RNAs were contaminated with considerable amount of protein. 
On the other hand, other hydrogen bond forming compounds such as pyridine, 
picoline, eéc. were found hardly effective in dissociating RNA from the 
RNP molecules. These results appear to suggest a possibility that the RNP 
contains RNA and protein linked together by bonds other than hydrogen 
bonds. Therefore, the effect of alkali and strong saline on the dissociation 
of microsomal RNP were studied and the question as to whether electrostatic 
bonding is really concerned or not was examined.** 


EXPERIMENTALS 


Isolation of RNP—The RNP was isolated from the rat liver microsomes with sodium 
deoxycholate as previously described (4), All the isolation procedures were performed in 
the cold (0-5°). 

Electrophoretic Analysis—Effect of alkaline pH on the RNP was observed at 4° by 
Tiselius’ electrophoretic method (Hitachi Model HTD electrophoretic Apparatus). The 
RNP solutions were previously dialysed overnight in the cold against the various Miller- 
Golder’s buffer solutions of ionic strength 0.1 (5), their pH being 7.0, 9.5, 10.0, 11.0 or, 


* J. Biochem., in press. 
** A preliminary account of this work has been published. (Kagaku, 29, 365 (1659)) 
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12.0 respectively. After electrophoresis, the sample was pipetted out of the cell, and its 
content of RNA and protein was determined. Conductivity of the buffer solution was 
measured at 0° by Wheatstone bridge method and the electrophoretic mobility at On 
was calculated. 

Differential Centrifugation—Effects of saline on the RNP was examined by the differential 
centrifugation (Hitachi Model 40P Ultracentrifuge), for it is very difficult to perform 
electrophoretic analysis in strong saline of high conductivity. 

To each centrifuge tube containing 1 ml. of the RNP solution (its concentration was 
about 0.5 per cent), 5ml. of neutral saline was added, concentration of which was properly 
adjusted to obtain final NaCl concentration of 0.1 (control), 0.5, 1.0, 1.5, 2.0 and 3.0M 
respectively. PH of added saline had been previously adjusted to 7.0 by phosphate buffer. 
It is desirable to use a concentrated RNP solution, because of concentration dependency 
of salting out of RNA in saline. In our experiment, about 0.5 per cent RNP solution 
was used, hence RNP concentration after the addition of saline was about 0.08 per cent. 

Four hours or 24 hours after standing still in the cold, they were subjected to the 
differential centrifugation following the scheme outlined below, all the supernatant being 
carefully separated by decantation and sediments were analysed on RNA and protein. 


RNP+NaCl 
| 2,500 g, 20 minutes 


Sd-l Sup] 


20,000 x g, 20 minutes 


| 


Sd-2 Sipe? 


| 105,000 x g, 120 minutes 


Sd-3 Sup-3 


+perchloric acid (final concentration 0°5 M) 
2,500 g, 20 minutes 


Sd-4 Sup-4 


In order to perform high speed centrifugation at 105,000x g safely, it is required for 
the centrifuge tube to be filled with any liquid, so that about 4ml. of liquid paraffine 
was layered on the Sup-2 solution to fill the dead space. Great cares were paid for 
decantation of the Sup-3, not to let the sediment (Sd-3) flow because of its loosely packed 
state. All these procedures were carried out in the cold. 

Analysis of RNA and Protein—The Schmidt-Thannhauser’s method slightly modi- 
fied by Littlefield etal. (6) was employed throughout. RNA content of the samples was 
determined from the optical density at 260my of acidified NaOH extract (Hitachi EPV-2 
Spectrophotometer) by employing a value of 34.2 per mg. per ml. per cm. as its extinc- 
tion coefficient. The precipitate from the acidified NaOH extract was dissolved in N 
NaOH by incubating it at 37° overnight. Then, the amount of protein was determined 
by Lowry’s method (7). The colour developed by Folin’s reagent was not strictly 
proportional to protein concentration. Hence an empirical calibration curve was used 
throughout, which was constructed by taking the dry weight of protein (dried over 5 
hours at 110°) in an aliquot of the RNP solution as a standard. 
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RESULTS 


A. Effects of Alkali on the RNP Particies 


Jd. Electrophoretic Patterns of the RNP in Neutral and Alkaline Media—A 
typical example of the electrophoretic patterns of the RNP in neutral and 
alkaline media is illustrated in Fig. | (a-f), in which the patterns of 1 (a) would 


Ascending Descending 


d) 10.0 


f) 12.0 
g) 12.0 
Geert 2s 
Fic 1. Effect of alkali on the electrophoretic patterns of the micro- 
somal RNP. 


The RNP solutions were dialysed overnight against (a) the ‘‘ buffered 
dialysate’? of the microsomal supernart, or against the Miller-Golder’s 
buffer of ionic strength 0.1 at (b) pH 7.0, (c) 9.5, (d) 10.0, (e) 11.0, or (£) 
12.0 respectively in the cold, and analysed by a Tiselius’ electrophoretic 
method at 4°. The RNP solution for (g) was dialysed only for three hours 
against the buffer at pH 12.0 with continuous stirring. 


be regarded as a standard one, because its sample was prepared in the 
“buffered dialysate ” of the microsomal supernatant, namely under most stable 
conditions (¢f. our previous report (#4) in detail). In Fig. | (a), the higher 
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peak (disignated as Component 2) represents the RNP, the lower one 
(Component 3*) being probably a partially dissociated RNP. When the 
sample is prepared in Miller-Golder’s buffer of ionic strength 0.1 at 
pH 7.0, a small fast moving peak (Component 1) appears. Its mobility as 
well as an accompanying decrease in Component 2 followed by a compensatory 
increase in Component 3 suggests that Component | is RNA derived from 
the RNP by its dissociation. 

In alkaline media the degradation of Component 2 proceeds further; the 
more alkaline the higher its degradation (Fig. 1 (c-e)) and it disappears 
almost completely at pH 12, only Component | and 3 of almost equal height 
being observed (Figs. 1 (f) and (g)). In Fig. 1 (g), the RNP solution was 


( -mobility x 1075 ) 


8.0 9.0 10.0 11.0 12.0 


pH 

Fig. 2. Effect of alkali on the electrophoretic 
mobilities of the microsomal RNP. 

Electrophoretic mobilities in 107° cm.? sec.~! volt7! 
of each component of the RNP were calculated and 
plotted against pH. Each value represents the average 
of three or four determinations. 

1A:Component 1 ascending boundary, 1D: 
Component | descending boundary, 2 A: Component 
2 ascending boundary, 2D:Compont 2 descending 
boundary, 3A:Component 3 ascending boundary, 
3D: Component 3 descending boundary. 


dialysed only for 3 hours against the Miller-Golder’s buffer of pH 12 
under continuous stirring because of unstability of RNA in alkaline media. 
Even under such a condition, the degradation of the RNP was complete as 


shown in Fig. | (g), while its Component 1 was more homogeneous than 
that in Fig. 1 (f). 


* In this report, any component of the RNP of which mobility was smaller than that 
of the original RNP (Component 2) was designated as Component 3. 


It may be partially 
dissociated RNP (Component 2) or it’s protein moiety. 
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In Fig. 2 are shown the average electrophoretic mobilities of each 
component in RNP solution in alkaline media. Fig. 1 (f) and (g) suggest that 
the Component 2, 1 and 3 of these figures represent the RNP, its nucleic 
acid and protein moiety respectively, the latter two being dissociated from 
RNP in alkaline buffer. 

2. Analysis of Component I and 3 Which Were Isolated Electrophoretically—To 
ascertain whether or not the Component | and 3 in Fig. | (f) and (g) are 
RNA and a protein dissociated from the RNP respectively, their composition 
was analysed on both fractions isolated electrophoretically; after prolonged 
electrophoresis of the RNP solution (pH 12.0, ionic strength 0.1) in the cold, 
Component 1 and 3 were pipetted out from the ascending and descending 
limbs respectively and the amount of RNA and protein was determined by 
Littlefield’s method. The results are summarized in Table I, which 
demonstrates that the RNP at pH 12 dissociates almost completely into RNA 
(Component 1) and protein (Component 3), amount of contamination in each 
component being only 3-13 per cent. A small amount of protein in Com- 
ponent 1 or of RNA in Component 3 may partialy be RNA-protein complexes, 
such as a nucleotide-amino acid complexes reported by Potter and Dounce 
(8), linked together by bondings other than electrostatic one. 


TABLE I 
RNA and the Protein Content of the Corpornt I and 3 


After prolonged electrophoresis of the RNP in the Miller-Golder’s 
buffer of ionic strength 0.1 at pH 12.0, the component | and 3 were pipetted 
out of the ascending and descending limbs respectively, and the amount of 
RNA and protein were determined by the Schmidt-Thannhauser’s 
method slightly modified by Littlefield et al. 


Component Component | Component 3 


~~ Experiment 


i 1 wv 3 4 Mean 1 , 3 4 Mean 


RNA (%) GES | S| SLs || ILE Cys Ie eI |) (oy,) 2.6 322-63 


Protein (%) D7 SrA SE 288-26 Hod | SS5s8 | QBS) || Qyse |) Voss) SEe7/ 


3. Recombination of Dissociated RNA with Protein cf the RNP in Neutral 
Media—It is not only desirable for verifying the above-mentioned dissociation 
of the RNP into RNA and protein moiety, but also of special biological 
interest, to examine whether or not dissociated parts could recombine with 
each other under appropriate conditions. As has already been reported by 
one of us (9), the protein moiety of the RNP is hardly soluble in neutral or 
slightly acidic buffer, its minimum solubility being found at pH 5~6, while 
in acidic (pH 2~5) or neutral (pH 6~8) media it combines with yeast RNA. 
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Hence, recombination of RNA with protein was tested by returning pH of 
the RNP solution from 12.0 to 7.0. After confirming the complete dissocia- 
tion of the RNP at pH 12.0 electrophoretically (Fig. 3 (a)), it was again 
dialysed against the Miller-Golder’s buffer of pH 7.0 overnight in the 
cold (Fig. 3(b)). Considerable increase in turbidity of solution accompanied 
with neutralization made it often difficult to perform electrophoretic analysis. 
As shown in Fig. 3, however, it was usually proved that neutralization 


Ascending Descending 


: : a : 
Fig. 3. Recombination of dissociated RNA and protein of the 
microsomal RNP. 

Ascertaining the complete dissociation of the RNP at pH 12.0 
(Fig. 3(a)), the solution was reneutralized by the dialysis against the 
Miller-Golder’s buffer of pH 7.0, and observed electrophoretical- 
ly. Though the turbidity increase accompanied with the neutralization 
makes it often difficult to carry out electrophoresis, these figures show 
that the component | decreased remarkably suggesting that the com- 
ponent 3’ represents a recombined RNA-protein complex. 


resulted in a remarkable diminution of Component 1 accompanied with a 
considerable increase in the slow Component (designated as Component 3’ in 
this case). Mean values of ascending and descending mobility of Component 
3 after neutralization were —9.6 and —8.2x10-* cm?. sec.~! volt! respectively 
(average of three samples), which were somewhat lower than the mobilities 
of Component 2 and nearly equal to those of Component 3 in original RNP 
solution at pH 7.0. These results seem to suggest that the protein moiety 
recombines with a part of RNA in neutral solution, the former giving a 
higher and more homogeneous pattern, though recombination did not recover 
fully its original mobility and dissociation would be regarded as irreversible 
one. ‘Taking a fact into account that ovalbumine has shown hardly any 
interaction with yeast RNA in neutral media (/0), it might be said at least 
that the protein of the RNP has a strong affinity to RNA to form a complex 
or complexes with it. 


B. Effects of Saline on the Microsomal Ribonucleoprotein 


1. Determination of Amount of RNA and Protein in the Sediments Fractionated 
by the Differential Centrifugation—Using the differential centrifugation, fractiona- 
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tion of the RNP in solutions of various NaCl concentrations was performed 


100 - 


(RNA in sediment / total RNA ) (%) 


CONCENTRATION OF NaCl (M) 


Fig. 4. Effect of saline on the microsomal RNP I. 

Amount of RNA in each of the sediments 4 hours (continuous 
line) and 24 hours (broken line) after the addition of saline. 

To the RNP solution, saline was added at final concentration 
of 0.1~3.0M, and after a definite interval in the cold, the solution 
was centrifuged successively at 2,500 g for 20 minutes, 20,000x g 
for 20 minutes and 105,000 g for 120 minutes and the amount 
of RNA in each sediment such as Sd-1, Sd-2 and Sd-3 was deter- 
mined. The values are per cent of RNA in any one sediment/ 
total RNA and represent the average value of two parallel experi- 
ments. 


( protein in sediment / total protein ) (%) 


0.1 0.5 1.0 1.5 2.0 25 3.0 


CONCENTRATION OF NaCl (M) 
Fig. 5. Effect of saline on the microsomal RNP II. 
Amount of protein in the sediments 4 hours (continuous) and 
24 hours (broken line) after the addition of saline. 
The values are per cent of protein in any one sediment/total 
protein and represent the average of two parallel experiments. 
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4 and 24 hours after addition of saline. The amount of RNA and protein 
as well as RNA content (RNA/RNA-protein) determined on each sediments 
are shown in Figs. 4, 5 and 6 respectively, all these values being averages of 
two experimental runs. 


( RNA /RNA+ protein ) ( % ) 


CONCENTRATION OF NaCl (M4) 


Fic. 6. Effect of saline on the RNA content of each sedi- 
ment. Percentage RNA content (100 RNA/RNA-+protein) was 
calculated from the values of the Figs. 4 and 5, and plotted against 
the concentration of saline. 


When the strong saline was added to the RNP solution, its turbidity 
gradually increased, a fact which suggests the salting out of the RNP particles 
themselves and/or of their macromolecular components. As shown in Figs. 4 
and 5, about 90 per cent of RNA was found in the Sd-1 in strong saline 
(2.0-3.0 M), while only a small amount of protein was recovered in this 
fraction. Accordingly, RNA content of this fraction in strong saline came up 
about 80 per cent as shown in Fig. 6, which is twice as much as that of the 
original RNA (about 40 per cent). Also it has recently reported that RNA, 
especially RNA of large molecular weight, is salted out in the strong saline 
(11, 12). It is apparent, therefore, that it is mainly RNA that is salted out: 
The RNP is dissociated into RNA of considerably large molecular weight 
and protein in strong saline, the former being salted out by such a high 
concentration of NaCl (2~3 M). 

Illustrations also show that such a dissociation effect of saline is probably 
effective even in lower concentration of 0.5-1.0 4. The amount of RNA 
and RNA/RNA-+ protein ratio of the Sd-2 attain their maximum value of 60 
and 70 per cent respectively at about 1.0 M, beyond which concentration 
they decrease rapidly with remarkable augmentation of RNA in the Sd-l, 
while change in the amount of protein in the Sd-2 is only slight. These 
results suggest that RNA is dissociated even in saline of 0.5-1.0 M, which is 
salted out by more concentrated saline (2.0-3.0.M) and so found exclusively 
in the Sd-l. 
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2. Salting out of RNA and Protein in 3.0 M Saline—As shown in Fig. *6, 
RNA content of Sd-l in 3.0M saline was less than in 2.0M and, at first 
glance, diminution of salting out of RNA seems to occur. But it is not the 
case, for amount of protein in the Sd-l with 3M saline is about twice as 
much as that with 2M saline, while amount of RNA in both media is 
nearly equal. The following experiment clearly demonstrates it: the RNP 
solution was centrifuged at 2.500xg for 20 minutes in the coldiwlen2 4 eane. 
24 hours after the addition of saline, its final concentration being 3.0 M, and 


RNA in Sd-} total RNA | 


80F 


nl 


% 


RNA / RNA + protein 


protein in Sd-|/total protein | 


TIME (hours ) 
Fig. 7. Salting out of RNA and protein of the microsomal 
RNP in 3,0 ™ soline. 
To the RNP, saline was added at a final concentratioh of 3.0 
M and after a definite interval in the cold, the solutions were 
centrifuged at 2,500xg for 20 minutes and the amount of RNA 
(©) and protein (@) in each sediment were determined and RNA 
content (A) was calculated from these values. All the values 
represent the average of two experiments. 


then amount of RNA and protein in the sediments were determined and 
their RNA content is calculated. The results illustrated in Fig. 7 show that 
the decrease in RNA content is not due to that in the amount of RNA 
salted out but due to the gradual increase of the protein sedimented, indicat- 
ing that the protein moiety or the RNP itself is partially salted out in such 
a high concentration of salt as 3.0 M in the cold. 


DISCUSSION 


As the effects of acid on the microsomal RNP had already been reported 
(9), only the effects of alkali were observed by the electrophoretic method in 
the present study. The results mentioned above clearly demonstrated that, 
in alkaline buffer solution, the RNP was gradually dissociated into two com- 
ponents, a faster Component 1 and slower Component 3, and the former 
was almost exclusively composed of RNA and the latter was of protein, 


1634 Y. TASHIRO AND A. INOUYE 


when isolated electrophoretically at pH 12. Thence the dissociation process 
of the RNP seems to be represented by the following reaction as in the case 
of its autodegradation (4): 

(n) RNA —protein 2 (m) RNA+(a-m) RNA— protein, 
where (n) or (m) RNA means RNA is composed of 2 or m number of 
subunit-RNA. 

The results are very similar to an electrophoretic study of calf thymus 
deoxyribonucleoprotein (DNP) carried out by Hemming and Jordan 
(13). However, it is to be noted that the dissociated RNA probably contains 
some amount of protein (or amino acid residues) in its molecule and that 
this dissociation is considered to be irreversible. 

These results, however, do not always mean that the electrostatic force is 
mainly responsible for the bonding between RNA and protein in the RNP. 
RNA is unstable and easily degraded in alkali, so the dissociation of the 
RNP may be only a secondary effect of depolymerization of RNA. It is also 
possible that hydrogen bonded structure, probably involved in RNP molecule, 
may be disrupted by alkali as in the case of DNA (/#). 

The effects of saline on the RNP observed by the differential centrifuga- 
tion, however, can be reasonably interpreted by the assumption that the 
RNP was dissociated into RNA and protein by adding salt and then RNA 
was selectively salted out in strong saline (2-3M). Independent upon 
whether nucleic acid is RNA or DNA, therefore, the effect of neutral saline 
on the nucleoprotein seems to be the same in principle, its being chiefly due 
to disruption of electrostatic bonds, which is also responsible for the bonding 
of nucleic acid and protein moiety in RNP as in DNP. 

It would be an interesting problem whether the dissociation of the RNP 
in strong saline is complete or not, or to what degree the RNP is dissociated, 
if incomplete. To our regret, however, it was impossible to obtain such a 
quantitative data, because protein or the RNP itself might be also somewhat 
salted out in strong saline and, moreover, all free RNA are not always salted 
out as proved by Kawade and Kitamura (J2), its salting out in neutral 
saline being dependent not only upon salt concentration but also much upon 
its molecular weight and concentration. 

One of the reasons why such an important characteristic of the RNP to 
dissociate into RNA and protein in strong saline in the cold has not been 
noted hitherto is probably due to the fact that RNA had been considered 
soluble in strong saline. It has been one of the popular method for the 
isolation of RNA to extract tissues with hot 10 per cent saline (16-18). The 
present finding suggests that the RNP is readily dissociated into RNA and 
protein by addition of 10 per cent saline in the cold, but RNA becomes 
extractable only when RNA is degraded to lower molecular one by heating 
at 60-100° over 60 minutes. Kerr and Seraidarian (19) have reported 
that RNA could be isolated by strong saline from beef pancreas RNP and 
suggested that its dissociation might be accomplished more rapidly and com- 
pletely in the presence of salt of high concentration. Their RNA was soluble 
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in 3.0 M saline, however, and probably degraded one. 


SUMMARY 


The effects of alkaline buffer and neutral saline on the microsomal RNP 
isolated from the rat liver were examined by Tiselius’ electrophoretic 
method and by differential centrifugation respectively. The results obtained 
are summarized as follow: 

1. The RNP solutions were dialysed overnight against Miller- 
Golder’s buffer of ionic strength 0.1 (pH 7.0-12.0) in the cold and their 
electrophoretic patterns were observed. The RNP (Component 2) is dissociated 
into two components (Component | and 3) in the alkaline buffer (pH 9.5-12), 
and the degradation was so enhanced at pH 12 that only two peaks of 
almost equal size (Component | and 3) were observed. Mobility of the 
former was nearly equal to that of free RNA. 

2. Analysis of those Components 1 and 3 isolated by prolonged elec- 
trophoresis at pH 12 showed that the former was mainly composed of RNA 
and the latter was of protein in this case. 

3. The dissociated RNP by dialysis at pH 12 was neutralized by 
redialysing against the same buffer at pH 7.0 overnight in the cold. The 
electrophoretic patterns obtained after neutralization revealed that Component 
1 decreased remarkably and a slow Component (Component 3’) showed 
compensatory increase, a fact which suggests that Component 3’ represents a 
recombined RNA-protein complex. 

4. ‘To the RNP solutions saline was added in the cold, their final con- 
centration being varied from 0.1 M to 3.0 M. Four and 24 hours after saline 
addition, these solutions were centrifuged at 2,500 g, 20,000 g and 105,000 x 
g successively. In strong saline (1.5-2.0 4), RNA content in the first sediment 
was about 80 per cent, that is twice as much as that in the original RNP 
(about 40 per cent) and the amount of RNA relative to total RNA found in 
it is nearly 90 per cent. 

5. These values suggest that the RNP was dissociated into RNA and 
protein in strong saline and that RNA was selectively salted out in the cold. 
Even somewhat dilute saline (0.5-1.0 4) seems to be effective for the dissocia- 
tion of the RNP. 

6. In view of these results, it might be concluded that, besides hydrogen 
bonds, electrostatic bonds are also as important for the bonding between 
RNA and protein in the RNP as in the case of DNP. 


This work was supported by grants from the Wacksman Foundation in Japan. 
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INTERACTION OF TAKA-AMYLASE A WITH 
SURFACE ACTIVE AGENT 


By TOSHIZO ISEMURA ann TOSHIO TAKAGI 


(From the Institute for Protein Research, Osaka University, Osaka) 


(Received for publication, June 4, 1959) 


Studies on the interaction of surface active agent with protein throw 
light on the knowledge of protein structure. It is well known that surface 
active agent such as sodium dodecyl sulfate (SDS) is a strong denaturant for 
proteins. A relatively small quantity of surfactant is sufficient to denature 
protein although a large quantity of urea is needed for the denaturation of 
the same amount of protein. Moreover, the properties of proteins are con- 
siderably modified in the presence of surface active agent. Accordingly, the 
interaction of surface active agent with protein draws nowadays an increasing 
attention of many investigators (/). 

Hitherto, the studies were made mainly with proteins such as serum 
albumin and egg albumin (2-//). The effect of surface active agents on 
enzyme is a fascinating problem and has been studied only from the stand- 
point of its enzyme activity (/2-/8, 25). On the other hand, amylase, an enzyme 
protein, is practically used for desizing the textile without inactivation even 
in the presence of some surface active agents. Amylase may be assumed to 
be a resistant protein against the action of surface active agent. In this 
connection, we chose Taka-amylase A (TAA, a-amylase of Aspergillus oryzae) 
as an example of protein and the interaction of SDS with this protein was 
studied electrophoretically. The results obtained were analysed in terms of 
chemical kinetics. In consequence, Taka-amylase A was found to be very 
stable in comparison with usual globular proteins such as serum albumin. 


EXPERIMENTALS 


Taka-amylase A—Taka-amylase A was prepared by the procedure according to Akabori 
and his collaborators (19) from ‘‘ Takadiastase Sankyo”’ and recrystallized three times from 
aqueous acetone. TAA was dissolved in 0.1 M sodium acetate buffer at pH 5.0 in concen- 
tration 3.75 per cent and stored in a refrigerator. As this sample was dialyzed against 
0.1 M sodium acetate buffer to remove acetone, calcium ions which strongly protect TAA 
molecule from denaturation seemed to be removed excepting one mole per mole TAA. 

Sodium Dodecyl Sulfate—Dodecyl alcohol of high purity which was prepared by reduc- 
tion of molecularly distilled lauric acid was sulfated by Dreger’s method (20). It was 
recrystallized from butanol saturated with water and extracted with ether to remove the 
unreacted lauryl alcohol. 

Buffer Solution—Experiments were all carried out in sodium acetate buffer, 0.1 M Ca. 
2=0.068) at pH 5.0. It was confirmed by a glass electrode pH-meter that no change of 
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of pH of the solution was caused by the addition of SDS, within the range of concentration 
of SDS used in the present experiment. 

Prior to electrophoresis, the solutions of TAA mixed with SDS solution of a definite 
concentration were dialysed immediately after the mixing for various intervals of time 
against a large volume of SDS-buffer mixture at the same concentration. The dialysing 
apparatus was frequently shaken to certify the same concentration of SDS in the protein 
solution and that of the outer dialysate. 

After a definite time of interaction, electrophoresis was carried out with these solu- 
tions, making a boundary between the protein solution and the equilibration dialysate 
being layered over the protein solution in the cell. The dialysis was carried out at 20°, 
25°, or 30°. Electrophoresis was performed at 20+0.05°C by a moving boundary method 
using Hitachi’s electrophoresis apparatus, Model HT-B equipped with the schlieren dia- 
gonal system. The voltage gradient was in the range of 3.9-4.5 volts/cm. 

The concentration of TAA was determined by the micro-Kjeldahl method as- 
suming the nitrogen content of TAA to be 15.0 per cent (/9). 


RESULTS 


Effect of the Time of Interaction—As shown in Fig. 1, the protein migrated 
to anode and two distinctly separated peaks appeared when electrophoresis 
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Fig. 1. Electrophoretic patterns (descending limb) of 
native (slower peaks) and SDS-denatured (faster peaks) 
TAA reacted with 0.01 M4 SDS at 20°. TAA: 0.38 per 
cent. Reaction time. 1, 12 hours; 2, 50 hours; 3, 74 
hours; 4, 100 hours. Electrophoresis time: about 20 
minutes, 


was conducted with the SDS treated amylase solution. Because of the low 
velocity of denaturation of TAA by SDS it was found no sign of disturbance 
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at the boundary in the course of electrophoresis even after some twenty 
minutes. The longer the reaction time before electrophoresis was, the more 
the portion of the fast migrating component, and the less that of the slow 
migrating component was. Among these two portions the one that migrates 
with low mobility would be identified with the native TAA, by comparing 
the mobility with that of the native TAA in the absence of SDS. On the 
other hand, the fast moving component is attributed to the denatured TAA 
which increases its negative charge by combining with many SDS anions. 
Effect of Concentration of SDS—Next, the effect of concentration of added 
SDS was examined. The mobilities found in these experiments are shown 
in Table I. The mobility of the slower component was nearly constant 


TABLE I 
Effect of Concentration of SDS on the Mobility of TAA 
(Descending boundary) 


Cocentration | Mobility 
fe) (cm? / sec. /volt x 10*) 
SDS : : 
Slow moving Fast moving 
(M) peak | peak 
0 0.902 

1.00 x 1073 0.908 1.30 
1.00 x 107? 0.902 DMR 
2.00 x 107? 0.880 2.04 
3.00 x 107? 0.804 1.76, 


UNDENATURED (%) 


0) 50 100 150 
TIME (hours ) 


Fic. 2. Effect of the concentration of SDS on 
the rate of denaturation of TAA by SDS at 20° —x—, 
1.00 10-?:M; —O—, 5.00 x 107? M; —@—, 1.00 10-? 
M; —CI_, 2.00x10°?>M; —mi—, 4.00x 10° M SDS. 


irrespective of the amount of added SDS even though the mobility decreases 
to some extent when the large excess of SDS was added to the protein 
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solution. The faster denatured component increased first its mobility with 
the concentration of SDS but reached nearly constant value when the con- 
centration of SDS exceeded a certain limit. 

By measuring the area under separate peaks in the electrophoretic pattern, 
the concentration ratio of the denatured to the native TAA can be estimated. 
The rate of denaturation might be determined if the ratio was determined 
as a function of dialysing time, namely, time of interaction. The effect of 
the concentration of SDS upon the rate of denaturation was also examined. 
The results obtained are shown in Fig. 2. It is very interesting that the 
rate of denaturation is independent of SDS concentration if it exceeds a 
certain concentration. This concentration corresponds to the critical micelle 
concentration of the surfactant. 

Effect of Temperature—The effect of dialysing temperature, namely reaction 
temperature was also investigated and the results are shown in Fig. 3. In 
Fig. 4, log (undenatured percentage) was plotted against the reaction period. 
Linear relation was observed between log (undenatured percentage) and the 
interaction time. Accordingly, denaturation of TAA by the action of SDS 
obeys the first order kinetics as those of many other proteins. 
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Fig. 3. Effect of temperature on the rate of denatura- 
tion of TAA by SDS, —A—, 1.00x10°°A4 SDS 20°; —a— 
1.00x10°°M SDS at 30°; —O—, 1.00x10-2.M SDS at 20°; 
—@—, 1.00x10°?M SDS at 25° and —@Q—, 1.00x10-2?M 
SDS at 30°. 


Velocity Constant and Other Parameters of Denaturation Kinetics—The velocity . 
constant for this denaturation was calculated from the slope of the straight 
lines given in Fig. 4. The results are shown in Table IJ. From the varia- 
tion of velocity constant with temperature, activation energy for denaturation 
of this protein was calculated according to Arrhenius’ equation. Further, 
free energy, enthalpy and entropy of activation for denaturation were 
calculated by means of Eyring’s equation (21). The results are listed in 
Table III. 
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Fig. 4. Plot of log (undenatured percentage) versus time. All 
symbols are the same with those in Fig. 3. 


Tas_e II 
Specific Rate of Denaturation of TAA by SDS 
Concentration ‘Temperature Specific reaction 
of SDS | rate, k 
(M) CC) | (seo) 
0.001 20 O28 10m 
0.001 30 8.06 x 10°° 
0.01 20 5.00 x 107° 
0.01 25 7.16x 107° 
0.01 30 2.18 x 107> 
— ee 7 — — 
Tase III 


Free Energy (AF**), Enthalpy (AH**) and Entropy (AS**) 
of Activation for Denaturation 


cogging | a a 
(M) | (kcal/mole) | (keal/mole) | (e.u./mole) _ 
0.001 25.2 38.4 | 45.1 

| | 
0.01 24.2 25.0 | pars 
DISCUSSION 


Globular proteins such as serum albumin are readily denatured by 
sodium dodecyl] sulfate. ‘According to Briggs and his collaborators (J, 6), 
denaturation of protein by the action of surface active agent is caused by 
the combination of five to ten surfactant ions per protein molecule which 
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serve like a wedge to destroy the protein structure. Only if there exists an 
insufficient amount of surfactant ions to cause such destruction the peak for 
native protein appears in electrophoretic patterns besides that of denatured 
protein. The mobility of native serum albumin increases as a function of 
concentration of surfactant ions because of the adsorption of surface active 
agents. In Table IV the mobilities of undenatured bovine serum albumin 
in the presence of small amount of SDS which were cited from the paper 
by Briggs and his collaborators (5) how the considerable effect of concentra- 


TABLE IV 


Effect of Concentration of SDS on the Mobility of Slow 
Moving Peak of Bovine Serum Albumin (5) 


(Descending boundary) 


Concentration of SDS Mobility 


(M x 10°) (cm2/ sec. /volt x 10°) 
0 6.15 
1.59 6.36 
4.60 7.36 
16.1 8.20 
48.5 8.72 
80.2 11.00 


tion of SDS. On the other hand, the mobility of native Taka-amylase A is 
independent of the concentration of surfactant ions, 1f the concentration is 
less than 1.00x10-? M as mentioned above. When the concentration of the 
surfactant exceeds 2X10-? M, the mobility of the protein decreases rather 
than increases. This decrease of the mobility might be caused by the 
considerable increase of ionic strength of the medium. From these experi- 
mental facts, SDS ions seem to be hardly adsorbed on TAA molecule. The 
reason why TAA can hardly adsorb SDS ions may be partly due to 
lack of adsorbing sites for SDS ions on the surface of protein molecule 
and partly to the compact rigid structure of this enzyme as_ previously 
reported by one of the present authors (22, 23). The interacting sites such 
as ammonium and imidazolium groups are presumably buried in the molecule 
or masked by intramolecular bonding so as not accessible to SDS ion. Con- 
versely, the difficulty of denaturation of TAA by SDS may support our 
inference that the molecule of TAA should be rigid and compact. 

By analysing the electrophoretic patterns, it was found that the rate of. 
denaturation of TAA was independent of the concentration of SDS if it 
exceeded a certain concentration which corresponds practically to the critical 
micelle concentration of the surfactant. From this fact, it seems that not the 
micelles of this surfactant but single ions should cause the denaturation of 
TAA. 

The entropy of activation of denaturation for the system to which SDS 
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was added in a concentration of 0.01 M was 2.7 e.u./mole and far less than 
for the system to which SDS was added in a concentration of 0.001 M, 2.e. 
45.1 e.u./mole. This fact might have some concern with the fact that SDS 
binds with the protein as if it forms micelle on the surface of protein when 
the concentration of SDS exceeds the critical micelle concentration of the 
surfactant (24). 

The value of free energy of activation of denaturation, AF+* 24.5 or 25.2 
kcal/mole lies in the range of 23~28 kcal/mole which is a generally accepted 
range of free energy of activation of denaturation. 

Most proteins hitherto studied on their interaction with surface active 
agent are easily available ones such as egg albumin or serum albumin. These 
proteins are readily denatured by surface active agents. Consequently, it is 
generally accepted that the surface active agent is a powerful denaturant for 
proteins and denatures protein with ease. However, it is noteworthy that 
there is a resistant protein against surfactant such as TAA. Ikemiya (25) 
who investigated inhibition of various amylases by surface active agents 
found that TAA is especially resistant to the action of SDS down to pH 4.2 
in good agreement with our results. The reason why TAA is difficult to be 
denatured by the action of surface active agent might be as follows. Proteins 
which are easily denatured, eg. serum albumin, combine with considerable 
amount of surfactant ions even in an undenatured state. The protein 
molecules suffer remarkable distortion which eventually leads to the denatura- 
tion of protein. On the other hand, TAA as mentioned above, combine 
scarcely with SDS ions in a native state. Accordingly, SDS would not affect 
as a direct denaturant but act as an indirect agent which causes to reduce 
the activation energy of thermal! denaturation. Enzyme activity of TAA is 
markedly inhibited in the solution of which pH is below 4.0. This inhibition 
of TAA might not be due to primary effect of the action of SDS, because 
TAA is easily acid-denatured even in the absence of SDS as shown by 
Oikawa (26). 


SUMMARY 


1. The interaction of Taka-amylase A with sodium dodecyl sulfate was 
investigated electrophoretically. 

2. In a solution containing SDS, the mobility of native TAA is almost 
independent of SDS concentration of the medium, suggesting meager inter- 
action of SDS with TAA. 

3. TAA is denatured very slowly by SDS, contrary to the very rapid 
denaturation of most other proteins by SDS. 

4, The denaturation of TAA in the presence of SDS in the solution 
was examined kinetically by analysing électrophoretic patterns. Not micelles 
but single ions of SDS may be responsible for the denaturation of TAA. 

5. Plausible mechanism of denaturation of TAA by SDS was suggested. 

The authors wish to express their hearty thanks to Dr. T. Ikenaka for his kind aid 
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in preparing TAA and also to Sankyo Co., Ltd. for their supply of ‘‘ Takadiastase Sankyo”’. 
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A PROTEOLYTIC ENZYME OF STREPTOMYCES GRISEUS 


IV. GENERAL PROPERTIES OF STREPTOMYCES 
GRISEUS PROTEASE* 


By MASAO NOMOTO anv YOSHIKO NARAHASHI 
(From the Institute of Physical and Chemical Research, Tokyo) 


(Received for publication, June 9, 1959) 


As previously reported (/, 2, 3), a protease of Streptomyces griseus was 
obtained as a highly purified, homogeneous enzyme preparation. Some 
investigations on the general properties of this enzyme have been conducted 
by the use of the preparation and the results obtained are presented in this 


paper. 


MATERIALS AND METHCDS 


Enzyme—A highly purified, lyophilized enzyme preparation described in the preceding 
paper (3) was mainly used throughout the present work. The homogeneity of this pre- 
paration was previously confirmed by ultracentrifugal, electrophoretic, and enzymological 
analyses (3). 

Assay for Casein Digestion Activity (Proteinase Activity)—The enzyme activity for digesting 
casein was determined by the casein-Folin color method (/) and the activity unit was 
represented by the PU value (/). For the assay of the activity at various pH, suitable 
buffers** were used for preparing the enzyme solution instead of the usual phosphate 
buffer (pH 7.4) and the pH of the casein solution was adjusted at the corresponding pH 
with acetic acid or sodium hydroxide. 

Assay for Peptide Bend Hydrolysing Activity (Peplidase Activity)—The casein-formol titration 
method was used for the present purpose. One ml. of the enzyme solution suitable dilut- 
ed with 0.01 M@ calcium acetate solution and containing about 210°? PU was added 
to 5ml. of 3 per cent casein solution (pH 7.4) and the mixture was kept at 30° for 20 
minutes. After reaction, 5ml. of 35 per cent formol solution was added to the mixture 
and electrometric titration was carried out with 0.02 NV sodium hydroxide. The end point 
of the titration was pH 8.5. The titration values were corrected by subtracting the 
values of blanks which were prepared by mixing substrate solution with the formol 
solution followed by addition of the enzyme. 

For the assay of the activity at various pH, the pH of the casein solution was pre- 
viously adjusted at assigned values of pH by acetic acid or sodium hydroxide. Alteration 
of the pH caused by the addition of enzyme solution was in every case within 0.1. 


* A part of the data was reported at Symposium on Enzyme Chemistry at the 
University of Tokyo in July 1956 and most parts of the work were published in Japanese 
in the Reports of the Institute of Physical and Chemical Research, 35, 84 (1959). 

** A M/15 sodium phosphate buffer system was used in the pH range of 5.5-8.0 and 
M/10 sodium borate buffer system in the pH range of 8.0-10.0. 
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RESULTS AND DISCUSSION 


Shape of Crystalline Enzyme—As previously reported (1, 2), St. griseus 
protease is obtainable as small needle crystals and the specific activity of this 
preparation is about 8-12x10-? PU/mg.-N. The preparation of this enzyme 
as the crystalline form, however, was fairly difficult and still somewhat 
defective, but the highly purified preparation was of fair homogeneity which 
was confirmed by several analyses (3). 

Molecular Weight—As described in the preceding paper (3), the sedimenta- 
tion constant of the enzyme was determined as 529, ~=2.8X 107"? (cm./sec.)/ 
(dyne/g.) by ultracentrifugal analysis. 

Diffusion measurements were carried out at 20° in a Tiselius apparatus 
used for the electrophoresis experiments. A 3 per cent enzyme solution in 
0.1 M sodium acetate used. From the data obtained, the values of the 
diffusion constant were computed to be Da 2,w=13.110-? (cm.?/sec.)* and 
Dj, 35 w= 13.4 10>7 (em. /sec.)*. 

Taking s=2.8x 10-8, D=13.1x10-7 and Vi:=Voo=0.74 (V is the specific 
volume), the molecular weight of the protease according to the expression 
Msn=RT,/D (1-Ve) becomes Msp=20,000. 


Isoelectric Point—Experiments were carried out in a Tiselius apparatus as 
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Fic. 1. Ultraviolet absorption spectrum of St. griseus protease. 
Apparatus: A Beckman-type (model DK-2) spectrophotometer. 
Solvent: 0.1 M sodium acetate solution, pH 6.5. 


previously reported (3). The results obtained indicate that the isoelectric 


* Da is the diffusion constant calculated from diffusion diagram by the Maximum 
ordinate-area method. D, is also the diffusion constant calculated from the same dia- 
gram by the Maximum ordinate method. The fair agreement with each other of the 
two values which were calculated from the same diagram by two different methods 


proves the symmetry of the diagram and accordingly the homogeneity of the diffusing 
substance. 
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point of the protease is presumed to be at pH 5.0-5.5. Further detailed 


experiments, however, are needed on this subject to determine more exact 
value. 


Ultraviolet Absorption Spectrum—The ultraviolet absorption spectrum of the 
protease was obtained by the use of a Beckman-type (model DK-2) spectro- 
photometer. As shown in Fig. 1, the spectrum of this enzyme is of the 
pattern of a typical protein with the maximum absorption at 280 my 
indicating the presence of tyrosine residue in the enzyme, while another 
small rise at 29) my suggesting the presence of tryptophane residue. The 


molecular extinction coefficient of the protease was computed to be «=2.2x 
10* at 280 mp. 


Solubility—St. griseus protease is easily soluble in distilled water or diluted 
salts solution. The enzyme is soluble in ammonium sulfate solution of up to 
0.3 saturation (w/v), but at 0.4 saturation (w/v) it becomes almost insoluble. 
At ice cold temperature, the enzyme is soluble in acetone solution of 50 per 
cent concentration but not of 60 per cent. The solubility of the enzyme in 
alcohols is somewhat larger than in acetone. 

Element Composition—The composing elements of the highly « purified 
preparation are as follows: C 52.0, H 6.8, N 14.8, S trace, and ash 0.8 per 
cent. Almost every metal found in the above is calcium. 
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Fic. 2. Relation between pH and enzyme activity of Sv. 


griseus protease. . 

(A): The pH-proteinase activity curve determined by the casein- 
Folin color method. 

(B): The pH-peptidase activity curve determined by the casein- 
formol titration method. 


Enzyme Activity and pH—Relation between pH and enzyme activity of St. 
griseus protease determined by the casein-F olin color method and casein-formol 
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titration method is shown in Fig. 2. The enzyme showed the maximum 
proteinase activity at pH 8.0 or so and the maximum peptidase activity at 
the pH range of 8-9. 

Stability—The enzyme was very unstable in dialysis against distilled 
water and a marked reduction of enzyme activity was observed in 24 hours’ 
dialysis even at low temperature. Such inactivation, however, was completely 
prevented by the addition of small amount of calcium ion to the outside 
distilled water from which we learn that calcium ion is highly effective in 
preventing the enzyme activity. The activity of its diluted solution contain- 
ing calcium ion was considerably stable at neutral pH ina refrigerator. The 
other inorganic ions, excepting strontium, had no protective effect on this 
protease. Further detailed report on this subject will be presented in the 
next paper. 

Relation between stability of the enzyme and pH of the solution is 
shown in Fig. 3 which shows that the enzyme was highly stable at the pH 
range of 6.0-9.0, but fairly unstable below pH 4 and above pH 10. In these 
experiments, the enzyme preparation was dissolved in suitable buffer solutions 
containing 0.005 MZ calcium ion and kept at various pH at room temperature. 
The residual activity of the enzyme was determined by the casein-Folin 
color method after the solutions were neutrized by addition of acid or base. 


RESIDUAL ACTIVITY (%) 


Fic. 3. Relation between pH and stability of 
St. griseus protease, 
(A): After stored for 5 hours in McIlvaine buffer. 
(a): After stored for 24 hours in McIlvaine buffer. 
(B): After stored for 5 hours in sodium borate buffer. 
(b): After stored for 24 hours in sodium borate buffer. 


Even in the state of diluted solution, the enzyme was fairly stable for 
heating (Fig. 4—curve A). The enzyme solution, which was made up in 
distilled water, was kept at 40-100° for 10 minutes and the residual activity 
was measured by the casein-Folin color method. The stability of the 
enzyme in heating was found very much increased by the coexistence of 
substrate, about 70 per cent of the initial activity still remained after 10 
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minutes’ heating at 60° (Fig. 4—curve B). 
On the other hand, as the velocity of chemical reaction becomes larger 
in proportion to the reaction temperature, the relation of the activity to the 


OPTICAL DENSITY OF FOLIN COLOR 


RESIDUAL ACTIVITY (%) 


40 50 60 70 80 90 100 20 40 60 80 100 
TEMPERATURE (°C) REACTION TEMPERATURE (°C) 


Fig. 4. Relation between tem- Fic. 5. Relation between reaction tem- 
perature and enzyme activity of St. griseus 
protease. (A): By 15 minutes reaction. (B): 
protease. By 30 minutes reaction. (C): By 45 minutes 
(A): After heating the enzyme in reaction. Experiments were carried out by 
distilled water for 10 minutes. adding Iml. of enzyme solution to 1 ml. of 2 
per cent casein solution at pH 7.4 at various 
(B): After heating the enzyme in 1 temperatures. Measurements of the amount 
of resulting digestion products were per- 
: formed by the usual casein-Folin color 
minutes, method (J). 


perature and stability of St. griseus 


per cent casein solution for 10 


reaction temperature was observed. The enzyme showed the maximum 
proteolytic activity at 80° in 15 minutes reaction and at 60° in 30-45 minutes 
reaction (Fig. 5). The so-called optimum temperature for this enzyme seems 
to be 40-60°. 

Hydrolysis of Various Proteins—St. griseus protease was found to digest 
almost all kinds of proteins such as casein, human serum albumin, bovine 
serum albumin, ovalbumin, human serum /-globulin, hemoglobin, fibrinogen, 
gelatin, edestin, soybean glycinin, wheat gluten (glutenin), rice orizenin, eéfc. 
The scleroproteins such as keratin and silk firbroin were hardly digested by 
this enzyme. 

A protein denatured by heating or urea treatment was hydrolyzed by 
this enzyme faster than the untreated. The latter, however, was hydrolyzed 
fairly well if the reaction was prolonged. Muscular and dermal tissues of a 
living mouse were found completely liquefied and fallen off by intramuscular 
injection of the enzyme. The results obtained are summarized in Table I. 

All the denatured proteins tested were digested by this protease till the 
proteins caused no precipitation by 0.4 M trichloroacetic acid. This property 
is not observed in the cases of other neutral proteinases such as trypsin and 


1650 M. NOMOTO AND Y. NARAHASHI 


chymotrypsin, in which some of the digested products are found to remain 
still insoluble in 0.4 M trichloroacetic acid solution. The large extent of 


TABLE I 


Hydrolysis of Various Proteins by St. griseus Protease 


Relative velocity of hydrolysis 
Substrate Protein | Denatured protein Denatured protein 
untreated | by urea treatment” | by heat treatment” 
Human serum albumin 0.11 0.18 0.18” 
Ovalbumin 0.06 0.21 | 0.18 
Human serum y-globulin 0.06 0.27 | 0.19” 
Fibrinogen 0.31 | - 0.54” 
Hemoglobin 0.49 | 0.64 08532 
Casein — — 0.63 
Edestin 0.09 0.42 0.54 


1) Relative velocity of hydrolysis was measured by the casein-Folin color method, 
in which 0.4 M trichloroacetic acid (TCA) solution was used instead of the usual 0.1 M 
TCA solution. The numerical figures in the Table indicate the optical density of the 
resulting Folin color. 

2) These proteins were denatured by mixing with urea (50g./100ml.) and kept 
at room temperature for 24 hours. After treatment, the coexisting urea was removed 
by 48 hours dialysis. The denatured proteins were diluted to 2 per cent concentration. 

3) These proteins were denatured by heating at 100° for 10 minutes in solution 
of 2 per cent concentration. 


4) These proteins coagulate by heating. 


hydrolysis of proteins by St. griseus protease seems to be due to the wide 
specificity of this protease. 


SUMMARY 


A study was made on several properties of St. griseus protease obtained 
as a highly purified, homogeneous enzyme preparation. 

1. The crystalline form is of small colorless needles. The molecular 
weight is about 20,000, which was calculated from the sedimentation constant 
(S2,w=2.8 S) and also from the diffusion constant (Da 2,w~=13.1X10-7, Du 
20w =13.4X10°7 cm.?/sec.). Ultraviolet absorption spectrum of St. griseus 
protease is of the type characteristic of most proteins and shows no indication 
of the presence of a special group. 


2. ‘The optimum pH for the enzyme activity measured by the casein- 


Folin color method is about 8.0 and that by the casein-formol titration 
method is 8-9. 
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3. The enzyme is fairly stable at pH 6-9 below 40° but only slightly 
stable above 60°. The stability in heating of this enzyme becomes much 
better in the presence of substrates. Calcium ion is an essential factor for 
stabilizing this protease. 

4. This protease is capable of digesting almost all kinds of proteins, 
excepting the insoluble scleroproteins. The velocity of hydrolysis for denatured 
proteins is much higher than that for the native one. 


The authors wish to express their thanks to Dr. T. Akahira, Dr. M. Yanagita, 
Prof. K. Sakaguchi, Prof. K. Okunuki and Dr. B. Hagihara for their kind guidance 
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of enzyme, to Mrs. N. Igarashi for her helpful assistance. 
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CHROMATOGRAPHIC SEPARATION OF PHENOLIC ACIDS 


By TOKUICHIRO SEKI, KANJI INAMORI ann KAORU SANO 


(From the Department of Genetics, Department of Biochemistry and 
Department of Pharmacology, Osaka University Medical School, Osaka) 


(Received for publication, April 9, 1959) 


Chromatographic separation of phenolic acids has been carried out mainly 
by ion exchange and paper chromatographic methods (J-5). Although these 
methods afford excellent resolving power, their applications to the quan- 
titative determination and large-scaled separation of phenolic acids are 
accompanied with some difficulties. In order to remove these difficulties, the 
employment of cation exchange resins as adsorbents was_ investigated. 
These resins have been used for the separation of flavonoids (6), derivatives 
of phenol (7), DNP-amines (&) and lower fatty acids (9). We have succeeded 
in separating some representatives of the phenolic acids, e.g. gentisic, homogen- 
tisic, protocatechuic and homoprotocatechuic acid. 

Since the pX of the phenolic acids varies from 1.3 to 4.5, it was necessary 
to use an acidic solvent (solvent A or B as shown in Table I) to suppress the 
ionization of the carboxyl group in both solute and adsorbent when a 
carboxylic acid type cation exchange resin was used. When a. sulfonic 
acid type resin was used, the pH of the eluent was chosen at pH 4.34+0.02 
in order to reduce the adsorption and to facilitate the separation of acids 
differing in pK value (solvent C in Table I). 


EXPERIMENTAL 


Phenolic Acids—The homogentisic acid used was isolated from the urine of an 
alcaptonuric. Homoprotocatechuic acid was kindly supplied by Dr. K. Kunita and p- 
hydroxyphenylpropionic acid by Dr. K. Oshima. Ortho- and meta-hydroxyphenylacetic 
acid was a preparation synthesized by Mr. S. Nakanishi. Other acids were commercial 
products. 

Organic Solvents—Methylethylketone, acetone and ethanol (99 per cent) were distilled 
before use. Sodium acetate was for analytical use. The composition of the solvents used 


for chromatography is shown in Table I. 
Ion Exchange Resins—Amberlite IRC 50 (A.G.) and Duolite C 25* were used. The 


* In the earlier stage of this investigation, Amberlite IR 112 was used. Since this 
resin is now obsolete, we abandoned its use and substituted it by Duolite C 25, a sulfonic 
acid type resin with an amorphous polystyrene matrix. 
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former was pulverized and washed as previously described (9). The latter was converted 
into the sodium ion form and pulverized in a ball mill. The pulverized resin was 
suspended in water, passed through a 200 mesh screen with running water and then 
filtered through a 300 mesh screen in order to remove fine particles. The filtered resin 
was washed according to the method of W.H. Stein é al. (J0). 


TABLE I 
Composition of the Solvents 


Solvent Composition 
A | Methylethylketone: acetone: 0.2N hydrochloric acid 
2 : 1 : 6 
B | Methylethylketone: acetone: 0.2N hydrochloric acid 
eZ 5 1 ; sy) 
Cc Twenty one grams of citric acid monohydrate and six 
g. of sodium hydroxide were dissolved in distilled water 
and diluted to | liter, then mixed with 250ml. of 99 
per cent ethanol**, 


* Mixed by volume. 
** Buffer solvents containing ethanol were used previously by Hirs eé 
al. (11) and Dréze and Reith (J2). 


Chromatographic Column—Details of the chromatographic tube were described previously 
(9). The ion excnange resin suspended in the solvent to be used for chromatography 
was poured through a funnel into the chromatographic tube and allowed to settle. The 
size of the columns were 0.76X95cm. and 0.76x112cm. for Amberlite IRC 50 and 0.8x 
95cm. for Duolite C 25. 

— Chromatographic Separation and Quantitative Analysis of Synthetic Mixtures—One ml. of a 
solution of phenolic acids in the same solvent as was used for packing of the column 
was added on the column and elution was performed with the same solvent. The efflu- 
ent was collected in fractions of 20 or 40 drops in test tubes with graduation mark at 3.5 
ml. by using a drop count type automatic fraction collector. 

The quantitative analysis was performed spectrophotometrically. When acidic solvents 
were used, 1.0ml. of V/10 sodium acetate solution was added to each of those phenolic acid 
fractions which contained 40 drops of the effluent, 1.0ml. of N/20 sodium acetate solu- 
tion was added to the fractions containining 20 drops of the effluent and 1.0ml. of N/2 
sodium acetate solution was added to the salicylic acid and non-hydroxylated acid frac- 
tions. The test tubes containing the fractions were placed in a suitable rack and heated ‘ 
in a boiling water bath for about one hour and a half to remove acetone and methyl- 
ethylketone. After the organic solvents were evaporated off, an acidic diluent, prepared 
by mixing 10ml. of conc. hydrochloric acid, 100ml. of N sodium acetate solution and 
90 ml. of water, was added to the fractions containing dihydroxy compounds, and N/2 
sodium acetate solution was added to the monchydroxy and non-hydroxylated acid frac- 
tions to make each fraction up to a total volume of 3.5ml. The fractions containing 
gentisic acid were diluted (to give 3.5ml.) with the acidic diluent without removal of 


CHROMATOGRAPHY OF PHENOLIG ACIDS 1655 


organic solvent, since the solution turned yellow on heating in a water bath. When 
solvent C was used, the fractions containing dihydroxy acid (with the exception of the 
fraction containing protocatechuic acid) were diluted (to give 3.5ml.) with the same 
solvent as was used for the elution, but other fractions were diluted with N/2 sodium 
acetate solution (to give 3.5ml.). The absorption was then measured at the wave lengths 
shown in Table II using a Beckman model DU quartz spectrophotometer. Amberlite 
IRC 50 resin could be used rpeatedly, since the resin was used with an acid solvent. 
Column of Duolite C 25 may be washed with N/5 sodium hydroxide solution containing 
20 per cent ethanol to remove strongly adsorbed substances. 


Taste II 
Recovery of Phenolic Acids from the Chromatographic Column 
No. of acid | Wave length | Recovery 
Phenolic acid in the Fig. used for the (per cent) 
assay (mp) AX Be cx 
Homogentisic acid 1 290 65 98 
Homoprotocatechuic acid ae 280 99 80 
Protocatechuic acid 3 260 93 101 
Hydroxyphenylacetic 
Poa poe acid 4 280 96 93 98 
-Hydroxyphenylacetic 
a ss acid 5 280 89 92 83 
-Hyd henylacetic 
ss ees acid 6 280 98 83 
Gentisic acid 7 330 oSm 94 
p-Hydroxybenzoic acid 8 260 90 94 95 
m-Hydroxybenzoic acid 9 280 108 104 90 
Salicylic acid 10 295 99 99 
henyl] ionic 100 85 
Get peat a sacar 11 280 109 
Phenylacetic acid 12 260 96 
Benzoic acid 13 260 97 
B-Phenylpropionic acid 14 260 101 


* Solvent used for the chromatographic separation. 


RESULTS AND DISCUSSION 


As shown in Figs. | to 3, the separation of phenolic acids was performed 
in three different solvent systems. The resolution was very sensitive to the 
slight changes in the ambient temperature, so that it was necessary to keep 
the column at constant temperature by wrapping it with a jacket (10). The 
capacity of the column was large enough and about 30 ym of each acid could 
be added, although the optimum load was | to 5 ym of each acid. 

The elution sequence of each acid was mainly governed by its polarity 
and molecular weight, because the resin phase acted as non-polar adsorbent. 
In some cases reversion of the elution sequence and overlapping of acids of 
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different polarity and molecular weight was observed, suggesting that the 
position of the hydroxyl group relative to the carboxyl group and side chain 
may play an important role in the partition of solute between resin and 
liquid phase. 


OPTICAL - DENSITY 


20 


FRACTION NUMBER 


Fic. 1. Elution pattern of phenolic acids. Ultraviolet absorption was 
measured at 260m (full lice); 295 mz (dotted line ———= —— ) and 330myz 
(dotted line --------- ). Adsorbent: Amberlite IRC 50 (Ht-form). Eluent: 
solvent A. Column size: 0.76X95cm. Room temperature: 30°. One frac- 
tion: 40drops. Flow rate: 1.5 drops/min. 
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FRACTION NUMBER 
Fic. 2. Elution pattern of phenolic acids. Ultraviolet absorption was 
measured at 280my. Adsorbent: Amberlite IRC 50 (H+-form). Eluent: 
solvent B. Column size: 0.76x112cm. Room temperature: 30°. One 
fraction: 20 drops. Flow rate 2 drops/min. 
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FRACTION NUMBER 
Fic. 3. Elution pattern of phenolic acids. Ultraviolet absorption was 
measured at 320my (fraction 15 to 23), at 290 my (fraction 24 to 31), at 280 
my (fraction 32 to 62) and at 260 my (fraction 63 to 95). Adsorbent: Duolite 
C 25 (Nat-form). Eluent: solvent C. Column size: 0.8x95cm. Tem- 
perature: 30°. One fraction: 40 drops. Flow rate: 1.5 drops/min. Homo- 
protocatechuic acid overlapped with o- and m-hydroxyphenylacetic acid. 


SUMMARY 


Chromatographic separation of phenolic acids was performed using 
Amberlite IRC 50 and Duolite C 25 as adsorbents. When Duolite C 25 was 
used in Nat-form, citrate buffer (pH 4.34+0.02, 4/10) containing 20 per cent 
(v/v) of ethanol was used as the eluent. Mixtures of dilute hydrochloric acid, 
acetone and methylethylketone (9:1:2 and 6:1:2) were used for Amberlite 
IRC 50 in Ht-form. It was shown that this procedure successfully separated 
mono- and dihydroxylated benzoic and phenylacetic acid with a recovery of 
80 to 90 per cent. Homogentisic acid gave a recovery of 65 per cent when 
it was separated on the column of Amberlite IRC 50. 
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ON THE ACTION OF EGG WHITE LYSOZYME 
ON GLYCOL CHITIN 


Lysozyme is one of the simplest enzymes and its chemical and physical 
characteristics as a protein have been elucidated considerably. However 
lysozyme is poorly characterized as an enzyme, since its activity has been 
mainly determined by lysis of bacteria such as Micrococcus lysodeiktikus. 
Therefore, studies on the relationship between the structure and the biological 
function of lysozyme have not yet been made. One of the authors has 
investigated the denaturation of lysozyme by heat, urea, and surface (J). 
However, changes in activity of lysozyme by denaturation could not be 
examined owing to lack of a suitable substrate. 

In 1957, Berger and Weiser reported that lysozyme hydrolyzes chitin 
and has f-glucosaminidase activity (2). However the quantitative determina- 
tion of lysozyme could not be made due to the complete insolubility of chitin 
in water and to the considerable slow rate of its hydrolysis. We have now 
found that lysozyme can actively catalyze the hydrolysis of glycol chitin 
which, in contrast to chitin itself, is readily soluble in water. Although it is 
as yet to be explored if this catalytic activity of lysozyme is actually involved 
in its bacteriolytic action, this finding seems to be of considerable importance 
in the study of the relationships between the structure and enzymatic func- 
tions of the lysozyme molecule. In this communication we wish to describe 
briefly some observations on the lysozyme-catalyzed hydrolysis of glycol chitin. 

Lysozyme was prepared from hens’ egg white by the direct crystallization 
method. It was recrystallized four times and finally lyophilized. Glycol 
chitin was kindly supplied by Dr. R. Senzyu, who prepared it by glycola- 
tion of chitin with ethylene oxide (3). The activity of lysozyme was 
determined by the rate of decrease in viscosity of glycol chitin solution after 
the addition of lysozyme. Without addition of lysozyme, the viscosity of the 
glycol chitin solution was unchanged by pH and temperature. The effect of 
pH on the change in viscosity of glycol chitin hydrolyzed by lysozyme is 
shown in Fig. 1. The maximal decrease in viscosity was attained at pH 3.5. 
The value for the optimum pH as determined by lysis of bacteria was 
markedly divergent, being between pH 5 and 7.4. ‘The optimum temperature, 
as determined by using glycol chitin, is at 50° at pH 3.5. The optimum 
temperature, which was determined by lysis of bacteria, was between 55° 
and 60° (4). The rapid rate of decrease in viscosity of glycol chitin after 
addition of lysozyme shows that lysozyme splits glycol chitin molecules at 
random. The hydrolytic cleavage of the glycosidic linkages in glycol chitin 
was confirmed by the increase in the reducing power which took place 
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Fic. 1. The effect of pH on the rate of decrease in viscosity 
of glycol chitin hydrolyzed by lysozyme. Concentration of glycol 
chitin: 0.175 per cent. Concentration of lysozyme: 1.9m. A, 
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simultaneously with the viscosity decrease. 

As described above, the activity of lysozyme can be readily determined 
by viscosity, using glycol chitin as a substrate. 

Utilizing glycol chitin as a substrate, Ohdakara (5) found that the 
optimum of a liquifying chitinase obtained from Aspergillus niger measured 
by viscosity was pH 3.8 at an optimum temperature of 50°. It is very 
interesting that the enzymatic character of lysozyme resembles that of the 
chitinase. 


The authors wish to express their hearty thanks to Dr. R. Senzyu of Kyushu 
University who supplied glycol chitin. 
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PURIFICATION AND ASSAY METHOD 
OF PYRUVATE KINASE FROM BAKER’S YEAST 


The existence of pyruvate kinase in yeast has been pointed out by many 
workers (/-3), but its purification has not been achieved for a long time. 
Therefore, we do not have enough evidence to elucidate whether the reac- 
tion mechanism of pyruvate kinase in yeast would be the same as that in 
muscle. This communication deals with the purification of the enzyme and 
the improvement of the assay of the enzyme activity. 

Maceration juice of baker’s yeast extracted with 0.06 Mf phosphate buffer 
of pH 7.2 at 37° for 3 hours was subjected to ammonium sulfate fractionation 
(0.40-0.60 saturation). The precipitate was further purified by a subsequent 
fractionation with ammonium sulfate. Initially the spectrophotometric method 
of Negelein (4), in which pyruvate kinase reaction is coupled with that of 
lactic dehydrogenase, was applied in the enzyme assay. The maximal ac- 
tivity of the crude preparation which was measured by this method was 
found in the fraction between 0.65 and 0.77 ammonium sulfate saturation, 
and the preparation was further purified by alumina C,-gel fractionation. 

However, the preparation obtained here has shown the following properties 
when the enzymic activity was measured by the method of Negelein: 1) 
Lactate and pyruvate were not found as the reaction product either in the 
presence or absence of DPNH*, 2) the oxidation of DPNH was observed 
even in the absence of lactic dehydrogenase and KCl, 3) the oxidation of 
DPNH occurred more rapidly when ATP was replaced with ADP, 4) PEP 
was metabolized rapidly also without the addition of DPNH and ATP, and 
5) the stoichiometric liberation (1:1) of orthophosphate was observed in the 
complete system with disappearance of PEP. Moreover, the presence of 
aldolase was proved by the method of Christian (5) and the formation of 
hexose could be detected by the Ashwell’s method (6). These findings 
indicate the occurrence of a reaction sequence to reverse glycolysis instead of 
the expected pyruvate kinase reaction. In addition, another difficulty of us- 
ing Negelein’s method was the fact that lactic dehydrogenase contained 
a detectable activity of pyruvate kinase even in crystalline state. From the 
results above mentioned, it appears that the Negelein’s method is not 
suitable for the assay of yeast pyruvate kinase. 

Therefore, as an attempt for the enzyme assay, it was taken to determine 
the pyruvate formed in the reaction by the method of Friedemann and 


* Following abbreviations were used: DPNH, reduced diphosphopyridinenucleotide ; 
ATP, adenosine triphosphate; ADP, adenosine diphosphate ; PEP, phosphoenolpyruvate ; 
DEAE-cellulose, diethylaminoethy]-cellulose ; ATPase, adenosine triphosphatase. 
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Haugen (7), but in this case the selection of adequate pH of the reaction 
system was necessary because of the presence of alkaline phosphatase. When 
the reaction was carried out at pH 7.4, the fraction of 0.65-0.77 ammonium 
sulfate saturation was active in liberating pyruvate even without addition of 
ADP, in agreement with the liberation of inorganic phosphate. Therefore, 
the pH of the reaction system was selected at 5.8, where no phosphatase ac- 
tivity was detected and the pyruvate kinase activity could be determined 
exclusively. 

With the use of this method for the enzyme assay, the maximal activity 
was found in the fraction of 0.45-0.55 ammonium sulfate saturation, and the 
fraction was further purified by the treatment with DEAE-cellulose-(Cl-) after 
sufficient dialysis against 0.005 M phosphate buffer of pH 7.4. The fraction 
eluted from DEAE-cellulose between 0.005 M phosphate buffer of pH 7.4 and 
0.025 M phosphate buffer of pH 6.0 showed about 15-fold increase in specific 
activity compared with the original extract (Table I). No or negligible ac- 


TABLE I 
Summary of Purification of Pyruvate Kinase from Baker's Yeast 


ia ~ Specific 
i ota | Total | activity | Recovery 
Fractions protein | units ° | (units/mg.) (%) 
Ne) of protein) | 
1. Crude extract 1287. | 1510) O08. ai B00 
2. First (NH,),SO,-fraction | | | 
(0.40-0.60 saturation) gl os eg 
3. Second (NH,).SO,-fraction | | 
(0.45-0.55 saturation) Bo oa) otk Saree Seca i ie 
4. Supernatant of dialyzed 69 | 269 39 18 
enzyme | : | 
5. DEAE-cellulose fraction 12 | 165 | 14.1 11 


A mixture (3.0ml.) of 3x107? M PEP, 10°? M ADP, 2.4x 10-2? M MgSO,, 2.25 x 
104M KCl, 3.3x10°? M Tris-maleate buffer, pH 5.8 and 10 yg. of enzyme was 
incubated at 25° for 20 minutes. Immediately after incubation the mixture was 
submitted directly to the determination of pyruvate by the method of Friede- 
mann and Haugen (7). One unit of enzyme was defined as the amount which 


causes the formation of 1 # mole of pyruvate per minute under the condition specified 
as above. 


[tivity of ATPase, adenylate kinase, phosphatase, and nucleoside diphospho- 
kinase were detected in the final preparation. 

Properties of the enzyme showed similarity to its counterpart in muscle. 
Concomitant formation of ATP and pyruvate was observed by paper chroma- 
tography with each two solvent systems. Stoichiometric relation between the 
formation of ATP and Pyruvate and the decrease of ADP and PEP was found 
to be in molar ratio each. Simultaneous presence of Mg++ or Mn**+ and K+ 
or NH,* was essential for the enzymic activity in contrast to the observation 
of Muntz (2). p-Chloromercuribenzoate and heavy metal (Cutt) completely 
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inhibited the enzymic activity at concentrations of 10-' M or less. The 
optimum pH was found to be 5.8 when ADP was used as a phosphate ac- 
ceptor. Nucleotide specificity of the enzyme at the reaction con- dition in- 
dicated in Table I was observed in the ratio, ADP: UDP: CDP:GDP: IDP= 
100:10:6:5:3, which was somewhat different from the data of Stro- 
minger (8) and of our own (9) found in muscle enzyme. 

These findings showed no substantial difference from those of muscle 
enzyme except the nucleotide specificity if at all. 
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BACTERIAL FORMATION OF GLUTAMIC ACID FROM ACETIC 
ACID IN THE GROWING CULTURE MEDIUM 


In the course of our preliminary studies on the glutamate formation 
from glucose, it was observed that a large amount of a-ketoglutaric acid or 
glutamate (in the presence of ammonium salts) was aerobically formed from 
acetate as well as from glucose by a cell suspension of Brevibacterium flavum, 
No. 2247, which had grown on glucose as the sole source of carbon and 
accumulated L-glutamate in its growing culture medium. 

The experiments reported in the previous papers (J, 2) provided evidence 
that acetyl-coenzyme A could react both with oxaloacetate to form citrate 
and with glyoxylate to form malate, and that glyoxylate necessary for this 
latter reaction could be provided by the aldol fission of isocitrate. Therefore, 
a modified tricarboxylic acid cycle with “the glyoxylate bypass” (3) was 
suggested as the possible pathway of glutamate formation from acetate in 
this bacterium (J). 

Further experinents revealed that a considerable amount of glutamate 
(21.5 and 15.9g./litre for medium A and B, respectively) was produced in 
the culture medium when this bacterium was grown on the following media, 
which contained acetate as the sole source of carbon: 

Medium A—NH,-acetate, 15g. (as acetic acid); Na-acetate, 25g. (as acetic 
scid); KH,PO. 260. (MesO;-7-H.O, 04 es .Fe**,2.2 p:p.mas Mn**)2 pps: 
thiamine hydrochloride, 0.1 mg.; corn-steep-liquor, 2g.; and water to 1 litre 
(pH 8.0, 25 ml. per 500 ml. -flask). 

Medium B—the contents were the same as medium A except for the 
addition of 0.3 »g. per litre of biotin instead of corn-steep-liquor. 

Shaken at 30° for 71 hours. pH was checked occasionally and adjusted to 
7.0-8.5 by the addition of acetic acid. The total amount of acetic acid used 
was 67g. and 55g. per litre for medium A. and B, respectively. 

Brevibacterium lactofermentum No. 2256, Brev. roseum No. 7, and Corynebacterium 
nov. sp. No. 410 also excreted the following amounts of t-glutamate when 
medium A was used: 23.0, 21.5, and 6.9g. per litre medium, respectively. 

Glutamate production from acetate in these bacteria as well as formation 
of fumarate and citrate from acetate in molds (4, 5) seems to provide a 
convenient tool for further studies on the metabolic pathway of two-carbon 
compounds. 

None of the other bacteria tested thus far (Pseudomonas ovalis AHH-18, 
Pseudomonas fluorescens AHH-30, Serratia marcescens AN, Proteus vulgalis YO-10, 
Aerobacter aerogenes ATCC 8329, E. coli 151-9, Bacillus megatertum Y6, B. subtilis 
W-31, B. circulans, B. pumilus 134-a, B. pumilus 119-a, Corynebacterium No. 58, 
Corynebacterium equi, Corynebacterium fasciens, Brevibacterium ammoniagenes ATCC 
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6371 and 6372, Brev. helvolum ATCC 11822, Brev. imperiale ATCC 8365, Brev. 
acetolyticum ATCC 953 and 954, and Micrococcus varians ATCC 399) produced 
any detectable amount of glutamate. 

Further details of the conditions of culture for the glutamate production 
will be published elsewhere. 


The authors are indebted to Dr. H. Oeda and Mr. N. Motozaki of our 
laboratory for their interest and encouragement during the course of this work, and to 
the Institute of Applied Microbiology, University of Tokyo, and the Institute of Food 
Microbiology, Chiba University, for the gift of the bacterial strains. 
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METHYLATION OF GENTISIC ACID 


FORMATION OF 5-METHOXYSALICYLIC ACID 


Recently Price (J), Axelrod (2), Armstrong (3), DeEds (4 and 
Kraychy (5) reported that the hydroxy-groups of xanthurenic acid, catechol 
derivatives, and sterols were methylated (o-methylation) to form their respective 
methoxyderivatives. It is known that gentisic acid, when administered to animal, 
is excreted in the urine as a glucuronate or etherial sulfate. This letter deals 
with the zn vivo o-methylation of gentisic acid in man. 

S-Methoxysalicylic acid was synthesized by the method of Graebe et 
al. (6) from gentisic acid. 

100 mg. of gentisic acid were given orally to four healthy human subjects, 
and the urine was collected over a 12 hour period using HCl as a preserva- 
tive. To hydrolyze the conjugated compounds, the urine was heated at 100° 
for an hour after addition of hydrochloric acid to a final concentration of 1N. 
Under these conditions it was confirmed that no 5-methoxysalicylic acid was 
decomposed. The urine thus treated was passed through a 1.5x15cm. column 


TABLE I 
Ry Values of Compounds on Paper Chromatogram 
: eo, af cigs: Meihon aes 
Solvent crag tae Seige salicylic acid 
salicylic acid aci from urine 
Isopropanol : ammonia 
(30%): water (8:1:1) 0.65 0.57 0.65 
n-Butanol : ammonia 
(30%): water (15:1: 4) 0.62 0.28 0.62 
Benzene: acetic acid: 
water (2:2:1) 0.97 0.30 0.97 
Other observations 
tc 
Ammoniacal AgNO; very weak ice very weak 
UV-absorption (maximum) 318 mp 320 my 318 my 
Fraction No. of column 
chromatogram (0.8 x 100 84-87 37-4] 84-87 
cm. column; one fraction 
consists of 40 drops) 


of Amberlite IRC 50 (H+ form) 100-200 mesh. The column was then washed 
with 30ml. of 0.1 N HCl, and the washing was extracted three times with 
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an equal volume of benzene. 5-Methoxysalicylic acid was readily extracted 
with benzene, but little gentisic acid was extractable by this solvent. The 
benzene layer was concentrated in vacuo to about 30ml., and reextracted four 
times with 0.5 M phosphate buffer, pH 7.2. The combined extract was acidified 
with 25 per cent H,SO, and extracted again three times with and equal 
volume of ether. The ether was evaporated and the residue dissolved in 0.2 
ml. of distilled water was subjected to paper chromatography. 

The Ry values of authentic 5-methoxysalicylic acid and gentisic acid are 
listed in the Table I. Paper chromatograms of the fraction from urine shows 
that 5-methoxysalicylic acid was excreted in the urine. 5-Methoxysalicylic 
acid was found in the urine of all four subjects who received gentisic acid, 
but was not found before gentisic acid administration. 

The portion of the paper chromatogram corresponding to 5-methoxysalicylic 
acid was cut off, and extracted with distilled water. The extract was 
chromatographed on the column of Amberlite IRC 50 (H* form) and eluted 
with a solvent mixture: methyl ethyl ketone- acetone- 0.2 N HCl (2:1:6v/v). 
Methoxysalicylic acid and gentisic acid appeared in separate fractions. The 
former compound coincided on the chromatogram with an authentic sample 
and also had the same absorption spectrum. ‘The absorption spectrum of 
5-methoxysalicylic acid differs from that of salicylic acid, which has an 
absorption maximum at 293 my. 

Therefore, gentisic acid is thought to be methylated as follows: 


wk sou yx Os 
| ~ et 
HO” oy HO” 
COOH COOH 
Gentisic acid 5-Methoxysalicylic acid 


5-Methoxysalicylic acid has been identified previously in the scent glands of 
beavers (7). It is of interest to note that this compound arises from gentisic 
acid in human subjects. 

Previously gentisic acid was detected in the urine of alcaptonurics (8). 
An attempt to isolate 5-methoxysalicylic acid and a study on the biological 
methylation of homogentisic acid are now in progress. 
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THE CHEMICAL NATURE OF THE SO-CALLED 
‘ TETRAHYDROXYNORSTEROCHOLANIC 
ACID’ ISOLATED FROM THE GIGI-FISH BILE 


The above acid was isolated originally by Ohta (/) from the Gigi-fish 
bile, and since then there appeared several reports on this acid found in 
some other sorts of fish bile (2) and even in avian bile (3, 4). 

A tentative formula, ‘ 3,6,12,24-tetrahydroxynorsterocholanic acid ’ suggested 
by Ohta (J) was largely confirmed by Isaka (5), the conclusive evidence 
that it is of a C,;-bile acid structure, however, being still lacking. | 

Recently Haslewood and his coworkers (4) isolated the very acid 
from the bile of king penguin and reported that elementary analyses of its 
ethyl ester “gave figures corresponding to CygH,,O;, %.e. to ethyl cholate, 
rather than to the formula C.,H;,O, required for ethyl ester of a ‘ tetra- 
hydroxynorsterocholanic acid’, Cy;H,O;”. This statement urged us to 
reexamine the chemical nature of this acid. 

The Ohta acid was obtained from the hydrolyzed bile (Gigi-fish) 
according to the procedure described by Isaka e¢ al. (2). Methyl ester of 
this acid was prepared by boiling it in menthanol containing | per cent of 
hydrochloric acid. Purification was carefully conducted by chromatography 
(Brockmann’s alumina) and by repeated recrystallizations from ether- 
petroleum ether to give needles of m.p. 207° (Found: C, 70.19; H, 10.29. 
C.3;H..0;-C,H;,.O (etherate) requires C, 70.10; H, 10.56. Weight loss (120°, 
5 hrs): Found 17.8 per cent; Calcd. 18.8 per cent)*. Elementary analyses 
of the solvent-free sample (m.p. 209°) gave the following figures: Found QC, 
71.27; H, 10.09. CysHiO; requires C, 71.09; H, 9.97 (CzsH.sOc¢ requires C, 
69.94; H, 10.07). This purest sample gave a positive Hammarsten reaction, 
just as previously reported (/). 

Methyl ester of the acid (200 mg.) was oxidized with the chromic acid- 
sulfuric acid mixture according to Bladon e¢ al. (6). The neutral oxidation 
product** was recrystallized from ethyl acetate, dilute alcohol and dilute 
acetone, successively, to give 120mg. of needles decomposing at 210-224". 
This product seems to be identical with methyl ‘ $-tetraketonorsterocholanate ’ 
of Ohta (m.p. 206-207°). The analytical figures of our sample are well 
corresponding to the formula C);H sO; (Found: GC, 72.55; H, 8.89. Calcd. : 
C, 72.11; H, 8.65; CrgHyO, requires C, 71.18; H, 8.47). 


* The analytical data of the ester or the free acid in the previous papers might be 


of partially solvated samples (1, 3). drm 
** The neutral oxidation product obtained by the usual CrO,-acetic acid oxidation 


melted at 178-179°, just like methyl ester of ‘ @-triketocholanic acid’ of Ohta (1). 
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The oxime of this product melted at 245° (m.p. of Ohta’s sample: 
239°) with decomposition (Found: C, 65.10: H, 9.04; N, 8.98. C.sH3905Ns 
requires, C,.65.07 3 Ia 6.40% NOLL): 

The above oxidation product (200 mg.) was reduced by the modified 
Wolff-Kishner method (7), to give a mixture of cholanic and allocholanic 
acids, while the Clemmensen reduction of ‘a-triketocholanic acid’ was 
said to afford almost exclusively allocholanic acid (/). The reduction product 
was transformed into methyl ester (methanol-HCl), and subjected to 
chromatography (Brockmann ’s alumina). A fraction eluted by benzene- 
petroleum ether (1:9) was hydrolyzed and acidified. Crystals so obtained 
were recrystallized from dilute alcohol. m.p. 160-161° (Found: GC, 79.99% 
H, 11.41. Co,HwO.requires. C 79:93;, Ao tLYE). 

A portion of this acid was converted to propyl ester as usual, recrystal- 
lized from dilute alcohol, and two different forms of crystals were obtained 
in about equal amounts. The one (fine needles) melted at 93.5-95.5° after 
several recrystallizations, showing no melting point depression (m.m.p. 97—-104°) 
on admixture with authentic propyl allocholanate (m.p. 103-104°; free acid 
171°). The other (prisms), obtained from the mother liquor of the above 
ester melted at 52-53° and the melting point was not elevated by further 
recrystallization from dilute methanol, being undepressed (m.m.p. 54.5-57°) 
on admixture with authentic propyl cholanate (m.p. 56.5-57.5°). 

Another portion of the above reduction product (m.p. 160-161°) was 
methylated with methanol and conc. HCl. And the crystals obtained were 
likewise separated into 2 different forms under microscope; the one, needles, 
melting at 91.5-92.5° and the other, platelets, melting at 76.5-78.5°. 

These esters showed no melting point depression on admixture with the 
corresponding esters of allocholanic and cholanic acids (m.p. 91-92°; m.p. 
87.5-88.5°, respectively). 

From these data it is clearly indicated that (i) ‘ tetrahydroxynorstero- 
cholanic acid’ is not a bile acid of the C7 type with four OH groups, but 
an isomer of cholic acid, exactly as has been suggested by Haslewood et 
al. (4), and that (ii) the asymmetric center of C; was involved when its 
oxidation product was reduced by the Wolff-Kishner method as well 
as by the Clemmensen (J). The latter conclusion was well substantiated 
by the experimental data of Isaka (5), who had been able to transform 
the Ohta acid into hyodeoxycholic acid. If the presence of Ci.-OH group 
in the Ohta acid molecule was correct as was indicated by Isaka (5), this 
acid would be of the structure, 3a,6a,12-trihydroxycholanic acid. This con- 
clusion was strongly supported by the recent finding (8) that a new metabolite 
of deoxycholic acid, 3a,68,12a-trihydroxycholanic acid (m.p. 135-137°) gave 
on the usual CrQOs-acetic acid oxidation 2 different kinds of triketocholanic 
acid (m.p. 198° and m.p. 234°, respectively) exactly as the Ohta acid did. 
The single derivation of the keto acid of higher melting point (as methylester, 
probably of 3,6,12-triketoallocholanic acid) in the present experiment can be 
interpreted as follows: Since the CrOs-oxidation of the Oh ta acid (as methyl 
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ester) was here conducted in the presence of sulfuric acid (according to 
Bladon ¢t al. (6)), the 6-ketocholanic acid derivative then formed was 
smoothly and totally converted into the allo-series. 

Since 3a,6a,12a-trinydroxycholanic acid prepared synthetically () was 
found to be quite different from the Ohta acid, the probable structure 
of this acid would be 3a,6a,129-trihydroxycholanic acid* and a reexamination 
with another sample of this acid will be carried out later on. 
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AN EXCHANGE OF §-HYDROGEN OF AMINO ACID WITH 
MEDIUM WATER BY TRANSAMINASE ACTION 


It is known that the hydrogen atom attached to a-carbon of an amino 
acid exchanges with hydrogen atom of medium water during the course of 
the transaminase action (J, 2). The authors found that the hydrogen atoms 
on f$-carbon exchanged as well by the enzyme action. 

42mg. of L-alanine, 20mg. of transaminase preparation (purified upto 
the stage of the third fractionation by ammonium sulphate, according to 
Green and others’ method (3), dialysed and lyophilized), each trace amount 
of a-ketoglutaric acid and pyridoxal phosphate were dissolved in 5ml. of 
0.08 M phosphate buffer (pH 7.0) in 99.8 per cent deuterium oxide. The final 
pH was adjusted to 7.0 with concentrated sodium hydroxide in D,O. One 
drop of tolune was added as anticeptic. After 38 hours’ incubation at 38°, 
the reaction mixture was boiled and filtered. The amino acid in the filtrate 
was absorbed on a column (1.8cm.?x7cm.) of Amberlite IR 112, H* type. 
The column was washed with distilled water and the amino acid was eluted 
with 0.15 NV ammonium hydroxide and dried under vacuum. ‘The alanine 
recovered was dissolved in 10ml. of water and passed through another 
column of Amberlite IR 45, acetate type, to remove acidic impurities. The 
solution was evaporated to dryness under vacuum. ‘The alanine, obtained as 
the evaporation residue, was dissolved again in a minimum amount of water 
and recrystallized by the addition of ethanol, and dried under vacuum at 
100°. 33mg. of L-alanine were recovered. 

The alanine preparation obtained here contained 3.76 atoms of deuterium 
per molecule, according to the mass spectrometric analysis (#). It is evident 
that these four deuterium atoms are attached to a- and f-carbons of the 
alanine, because other three hydrogen atoms in the molecule are readily 
exchangeable with medium water and replaced by normal hydrogen during 
the course of isolation. 

Fig. 1 shows the infra red absorption spectrum of this a,6-tetradeuterio- 
t-alanine. The spectra of normal t-alanine and chemically synthesized 
a-deuterio-pL-alanine are also shown for comparison. The latter was 
synthesized by the electrolytic reduction of a-isonitrosopropionic acid in 
deuterium oxide. The pattern of the absorption spectrum clearly shows the 
disappearance of the peaks of a-CH (deformation, 1308cm.-') and —CHs 
(degenerating deformation, 1451 cm.~' and symmetric deformation, 1356 cm.~*) 
groups (3). 

10mg. of the a,f-tetradeuterio-L-alanine was treated again with trans- 
aminase in the presence of pyridoxal phosphate and a-ketoglutaric acid in 4 
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ml. phosphate buffer in ordinary water. 7 mg. of alanine were recovered from 
the reaction mixture. The infra red spectrum of the re-treated alanine 
agreed completely with that of normal L-alanine. 


t-CH,CHNH,COOH 


% 


pa- CH3CDNH,COOH 


TRANSMITTANCE 


t-CD, CONH2,COOH 


1000 1500 2000 


WAVE NUMBER ecm"! 


Fic. 1. Infra red absorption spectra of L-alanine, a-deuterio- 
pDi-alanine and enzyme treated t-alanine. 


TABLE I 


The Incorporation of Deuterium into a and 8 Positions 


Percent decrease in 
Alanine Preparation 

a-CH —CH, 
10 minutes 13 14 
25 minutes 20 29 
16 hours, with boiled enzyme 2 0 
16 hours, without enzyme 0 0 
Chemically synthesized 
a-deuterio-D, L-alanine >90 z 


The rates of exchange at positions a and 6 were compared in D,O by 
following the rates of decrease in the heights of infra red absorption peaks 
at 1451 cm."' and 1308cm7'. The absorption at 1411 cm.-1, which remained 
unchanged and was assigned to —COO~ symmetric stretching, was taken as 
standard. ‘The results are summarized in Table I. The values obtained with 
chemically synthesized a-deuterio-pL-alanine and with L-alanine recovered 
from the reaction mixture of control experiment with boiled enzyme or 
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without the enzyme, are also given in the Table. It can be seen the rate of 
exchange is greater at 8 position than at @ position. 

From these results, the authors propose a reaction mechanism for trans- 
aminase in which the dissociation of a proton from $-carbon is an essential 
and primary step of the activation of the Schiff’s base which is formed 
from the amino acid and pyridoxal phosphate. The dissociation at f position 
seems to be more conceivable than that at @ position (6-8), according to the 
present knowledge of electronic theory, and can explain a number of facts 
known for enzyme reactions, which require pyridoxal phosphate as the cofactor. 


The authors are grateful to Dr. D. Rittenberg for useful suggestions and to Dr. G. 
Chihara and Dr. T. Shimanouchi for the cooperation in infra red studies. Their 
thanks will be extended also to the Rockefeller Foundation and to Dr. A.E. Mirsky 
for providing them with a mass spectrometer. 
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Aminohydroxybutyric acid: 7-Amino- 
a-hydroxybutyric acid, 
Mori 
Aminopeptidase : 
Amphibia : 
compounds, chromatography, 
mura, Otsuki and Aoyama 
Ampholyte : 


synthesis, 
See Peptidase 
Free amino acids, related 
Oku- 
Uuknown —, hypothy- 
roid patients, urine, isolation, Mizu- 
hara, Okuda, Kurahashi and Iwado ... 
Amylase: Bacillus subtilis, formation, 
purine, pyrimidine, effect, Hosoda, 
Kohiyama and Nomura 
—: Microbial 
study, Wada 
Anthraquinone: 2-Hydroxy—, sulfate 


—, immunochemical 


One meee eee renee eeeeerenene 


conjugation, Sato, Suzuki and Yoshi- 
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933 


1227 


101 


INDEX TO SUBJECTS 


ISLIP Bahppepceornenodo pc acoosnaLe conooapaGaOREC 
Arginylglutamine: Cladophora species, 
ocurrence, Makisumi 
Aspergillus oryzae : 
cles, adenosine triphosphatase, Jwasa, 
Imamoto and Okunukt ..............0e0000s 


Mitochondrial particles, oxi- 


Intracelluar parti- 


dation system, IJmamoto, Iwasa and 
Okunukt 


Trypsinogen-kinase, activation 


mechanism, Nakanishi 


reree eer 


—, purification, acid-protease, 
rélation, N@kavisht <.c.cccaseencse 
Aves: Free amino acids, related com- 
pounds, chromatography, Okumura, 
Otsuki and Aoyama 


Avian : 


Erythrocytes, soluble prepara- 


tion, heme _ synthesis, Kagawa, 
Minakami and Yoneyama 
Tubercle bacilli, 


lysolecithin, catabolism, Hoshino 


see e eee reeeeene 


lecithin and 


Azaguanine: 8-, —, Proteus morganit, 
histidine decarboxylase, formation, 
ehhect sAndoncss. cc. nacasveteeaesanenaeetees 
6- —, Escherichia coli, cell 
and subcellular preparations, effect, 
Otsuji and Takagi 


Azauracil : 


Pete e nent e eee eeeeesesees 


Bacillus megaterium: Glutamyl 


poly- 

peptide, enzymic hydrolysis, Torii... 
Bacillus pumilus: Glutamic acid forma- 
tion, y-aminobutyric acid, Tsunoda 
and Shito 
Glutamic 


eee eee eee eee eee rer 


acid formation, 
from y-aminobutyric acid, pathway, 
Tsunoda and Shiio 
Bacillus subtilis : 


Bee ereeeneeesseceeesees 


Amylase formation, 
purine, pyrimidine, effect, Hosoda, 


Ree eee ree rnerase 


Kohiyama and Nomura 
Nishimura and 


Ribonuclease, 
Nomura 


Pee meee meen eee were cesses eeeseeeeses 


Bacterium: Acetic acid- —, ethanol 


1263, 
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B (cont’d) 
oxidation, Nakayama ........cecceceeeeens 
— —al deoxyribose transferase, 


purification, properties, Kanda and 
Takagi 


SOP emma ence reese ese ereeresseereeeseeese 


glutamyl 
chemical structure, 


polypeptidase, 
hydrazinolysis, 

Brevibacterium flavum No. 2247, 
glutamic acid, a@-ketoglutaric acid, 
Shiio, O- 


formation, from glucose, 
tsuka and Tsunoda 


—, glutamic acid forma- 
tion, from glucose, Shiio, Otsuka and 
ESUPOG CMMrentnnvacene cack sscaticcoteettanens? 
de- 
naturation, fluoropho- 
sphate, complex, optical rotation, 
on Matsubara and Okunuki 


— — —.,, diisopropyl! fluoropho- 


Crystalline —al proteinase, 
diisopropyl 


ae iahibited, phosphopeptides, 
IM RSID GEG ma oBcp OSCORCCO NOOSE SESE RO TOOORIEET 
Glutamic acid formation, acetic 
acid, Shiio, Mitsugi and Tsunoda 
Murine leprosy —, 
p-ribose, Kusaka ........- 


respiration, 
stimulating, 
—: Pseudomonas aeruginosa, respiratory 
components, physiological function, 
WING IN Aen taanceerssa tase seesensnenns 
Tubercle bacilli, lecithin and 
lysolecithin, catabolism, Hoshino 
BCG: Wax D, 


chemical 


fractionation, No- 


, oligosaccharides, 
structure, Nojima 
Beef: Heart, cytochrome c, amino 
acid composition, Takahashi, Titani 
and Minakami 
Kidney, cytochrome c, crystal- 
lization, Hagihara, Tagawa, Sekuzu, 
Morikawa aud Okunuki 
Bile: Gigi-fish, tetrahydroxynorstero- 
cholanic isolated, chemical 


wate eee e reese eeeeseereee 


eee ce ce eseseseccsesesessaseeee 


cae eeseeteereeeese 


acid, 


725 


189 


1597 


1303 


1323 


11 


nature, Shimizu, Héri and Yamasaki .. 
Bile acid: 
effect, 


Carbohydrate metabolism, 
Yanagisawa 


Sete ee meee eeerccceseees 


Differential microdetermina- 


tion, paper chromatography, Wata- 
nabe 


: 4°-38-Hydroxycholenate, tissue 
homogenates, oxidation, Usui ...... 
3-Keto and 3-hydroxy —, rat 

extract, 


liver interconversion, 


OGUTAD EE erect tt ee ee 


Rat liver homogenate, 38-hy- 
droxysterol dehydrogenase, activity, 
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fractionation, Yamasaki, Noda ana 
SRUNIZU roa versus eee eRe ee 
— —: Stero- ——, trihydroxy-isoster- _ 
ocholenic acid, structure, Hoshita ... 
— —: Stero- — —, trihydroxy-24- 
methylcoprostanic acid, synthesis, 
Hoshita 


Sooo rere ese ree sence eeeseseveseeseesees 


3@,6a12a-Trihydroxycholanic 
acid, oxidation products, Takeda and 
TSGTASRisseeweertnt eontereecas Coot Cee Tee 
Biotin: a@-Keto acid oxidation, func- 
tion, Katsuki 
—: Metabolic Piricularia 
oryzae, biotin-deficient, a-keto acids, 
accumulation, Katsuki 


Blood : 
deoxycholic acid, 


function, 


Choresterol, rat and human, 
effect, Yamasaki, 
Shimizu, Yasumizu and Sugihara 


Bovine: Plasma albumin subfractions, 
heat denaturation, chromatography, 
Sogami and Takemoto ...........0.0.s.s0es 

Brain: Fish, amphibia, reptile, aves, 


mammal, free amino acids, related 


compounds, chromatography, Oku- 
mura, Otsuki and Aoyama ........+.0++++ 
Brevibacterium flaoum: ——, No. 2247, 
glutamic acid formation, from 


glucose, Shito, Otsuka and Tsunoda .. 

, glutamic acid, a- 
Pevoglatanic acid, formation, from 
glucose, Shiio, Otsuka and Tsunoda.. 
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Xviil 
Cc 
Calcium: Taka-amyiase A, exchange 
LEACHION \OZKAIA sacdgesesseadeonrenssses 
Canavaninamide: a-N-benzoyl-L-—, 


synthesis, trypsin and papain, hy- 
drolysis, Nakatsu 


Canavanine: oDL- and p- —, t-form 


Separations WGhGrsUe erase emer eee 
—: Lt- —, Mytilus edulis, hepatopan- 
creas, 6-guanidinopropionic acid for- 
MAtION NV GRAS py ses. sak aan eae cae 
Carbohydrate : 


ge’eii W, synchronous culture, acid- 


Change, Tetrahymena 


soluble fraction, Kamiya 


Carboligase: Animal —, purification, 


SUDSthatenmORUVaMa meme. conetate eatetens 
Carbon dioxide: 


onate, Mycobacterium avium, Kusunose, 


Fixation into mal- 


Kusunose, Kowa and Yamamura ...... 
Carbon monoxide: Enzymic oxida- 

LO TilsghY 21 SE aaah oaee tte ciate Meters ence 
Carboxypeptidase: See Peptidase 
Carotenogenesis: Mycrococcus pyogenes 

UAT MAUNCUS MSU LUC tacnatena meant tease teen 
Catalase: Splitting, alkali treatment, 


Samejima 


Subunit, axial ratio, correction, 
SAM CHOI carn Aneith « ade cgeeen webs Some eces sas 
‘Charonia lampas: Cell-free extract, p- 

nitropheny] sulfate hydrolysis, trans- 

sulfation to charoninsulfuric acid, 
Suzuki, Takahashi and Egami ......... 
$*-Sulfate, in 


vivo incorporation, Takahashi ......... 


Charoninsulfuric acid : 
— —: Transsulfation from p-phenyl 
sulfate, Caronia lampas, cell-free ex- 
tract, Suzuki, Takahashi and Egami... 
Chitin : Glycol —, egg white lysozyme, 
action, Hamaguchi and Funatsu 


Chlorella : Acetate, metabolism, 
BUILD a iy ss lcapsSsainaittntac «i Sobasan saememe ase se 
Chlorophyll: Euglena gracilis, forma- 
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tion, action spectrum, Nushimura 
and: HuZist oe or cece cebeteatee secs cates 
Chloropromazine: Brain, free amino 
acids, influence, administration, 
Okumura, Otsuki and Nasu ........000. 
—: — and its analogues, amine 
oxidase, effect, Nakajima  ............ 
Cholanic acid: Tetrahydroxynorstero 
— =, gigi-fish, bile, >.isolated, 


chemical nature, Shimizu, Hé7i an! 


Yamasaki ie pose cesses cesrince oseeendsee 
— —: 3a,6a¢,12e-Trihydroxy — —, 
oxidation products, Takeda and 
Tearasht cvadace vocdtadeats< eee pee eee 
Cholate: Sodium —, diabetes induced, 
bile acids, effect, Yanagi‘awa ......... 
Cholenic acid: Trihydroxy-isostero— 
== | "structune, Fioshiia “radeaeecne seer 
Cholesterol: Blood —, rat and human, 


deoxycholic acid, effect, Yamasaki, 
Shimizu, Yasumizu and Sugihara 


Chromatography: Anion exchanger, 
crystalline Taka-amylase A, Tsugita, 
Inoue and Akabori 


—: Bovine plasma albumin, subfrac- 


tions, heat denaturation, Sogami and 
Takemoto 


—: —ic separation, horse heart, 
baker’s yeast, cytochrome c, triptic 


hydrolysis, peptides, Takahashi, Titani 


and (Minakarty specs neers 
—: Column —, alkaligenic acid, 
amino acids and_ glucosamine, 
YORO4L | sax Maeoesnmenronetocteraomateee eras 


—: Ion exchange —, fish, amphibia, 
reptile, aves, mammal, free amino 
acids, related compounds, Okumura, 
Obsukt and: Aovamaiace.t venetian 

—: — — —, fructose-l-phosphate, 
Separation, (data. .cneanteeen erences 

—:  j;-Irradiated albumin, Sogami, 

Tamura, Imai and Shinagawa 


—: Paper —cal detection, rabbit, 
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C (cont'd) 
urine, N-methyl-pyridine, Okuda ... 
Paper —, bile acids, differential 
microdetermination, Watanabe ...... 
Paper —, human erythrocyte, 
acid-soluble P, Yoshikawa, Nakao, 
Miyamoto and Yanagisawa ..........06..+ 
Phenolic acid, separation, Seki, 
Inamori and Sono 


Chromoproteid : Crystalline phycobilin 
, Tolypothrix tenuis, Hattori 


and 
Chymotrypsin: a- —, aminoacyl-.- 


tyrosine amide and ethyl esters, 


73 


681 


83 


1653 


633 


action, Zzumiva and Yamashita ... 19,329,991 


Cladophora species: Arginylglutamine, 
occurrence, Makisumi 


Clupeine: See Protamine 


Cobra: Formosan — venom, toxicity, 
enzyme activities, Yang, Chen and 
Su 


Cocarboxylase : 


Inhibitors, action, 
SGD) ROO oS AC OR COCUC CCE COCEROE COC CORA G 
Complement: Metaperiodate, effect, 

fourth component, preparation, 

method, Sato and Funakoshi ............ 
Creatine phosphokinase : 
dystrophy, 
Ebashi, Toyokura, Momoi and Sugita ... 


Progressive 
muscle sera, activity, 
Creatinine: Uric acid and —, dissocia- 
tion constant, measurement, Yoshi- 
mura, Asada and Iwanami 


Cyanide: 


—insensitive terminal re- 
spiratory system, Aerobacter cloacae, 
Mizushima, Nakano and Sakaguchi 

—_: Papain, activation, diisopropyl 

fluorophosphate, inhibition, Masu- 

GE eeroncrin6 3 oan DOOR URED NON IEDO 300 HDODSCA OOS 


Cysteic acid amide: L-—, synthesis, 


aminopeptidase, hydrolysis, Ouchi, 
T ANGRAMGNG MLZUINIU A mie seeech oe tee «ethene 
Cystine: 1.-—, molds, sulfate forma- 


tion, Obata and Ishikawa ............+4 
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Cytochrome: Algal—, c type, Katoh... 
—: — a, spectral properties, Sekuzu, 
Takemori, Yonetani and Okunuki ...... 


—: —A, synthetic detergent, effect, 
Yonetani 


—: —c, beef-, horse-, whale-heart, 
baker’s yeast, Desulfovibrio desulfuri- 
cans, amino acid composition, Taka- 


hashi, Titani and Minakami ............ 
—: —-96,, crystalline; » bectaskidneys 
crystallization, Hagihara, Tagawa, 


Sekuzu, Morikawa and Okunuki ...... 
—: —c, diazo-coupling and iodina- 
tion, structure, Ishikura, Takahashi, 
Titant and Minakami 
— 3) 1G, horse sneart.sbakenspveasts 
tryptic hydrolysis, peptides, chroma- 
tographic separation, Takahashi, 
Titane and Minakarmt ........00..tesesee 


—: —c, mammalian heart muscle, 


native, determination, properties, 
Yamanaka, Mizushima Nozaki, Horio 
GNG* ORUNURD os su diectttconbeiatseeeeeieeawe 
—: —c, structure, carboxypeptidase 
and aminopeptidase, treatment, 
Titani, Ishikura and Minakami 


—: —c, wheat germ, crystallization, 


Hagihara, Tagawa, Morikawa, Shin 
NAA OKUNUN Tarmdanstenacsucnes eee ae 
D 
Decarboxylase: Amino acid —=s, 
Proteus morganii, single inducer, 


simultaneous formation, Ando 
—: Histidine —, 
formation, 


Proteus morganii, 
8-azaguanine, effect, 
Decarboxylation : 
silk 
FUT: Riese ee cee i noteun cease tee sades'da sane 
Dehydrocholic Deoxycholic 
acid, transformation, rabbit, Yama- 
W akutani, Takimoto and 


Oxaloacetic acid, 
fibroin-palladium catalyst, 
acid : 


aski, 
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SHEED, cconccunscseoocodse SoceocndensonnunNEO: 

Dehydrogenase : Diphosphopiridine 

nucleotide t-gulonic acid —, guinea 

joss, INS, OPT RAD ooconnononedesnooacnc 


—: Glutamic acid —, thermal inac- 
tivation and denaturation, coenzyme, 


CHECIM Inagakt We. decscson-atessnecceseeees ce 
==; —=— -—, urea, imactivation, 
denaturation, coenzyme, effect, 
DE GE Ds SOR CRBUROCORCECORA COP ERC GACCD COURSED 


—: Glutamico-déshydrogénase, poly- 
merisation, forme moléculaire, Kubo, 
Iwatsubo, Watari et Soyama 

—: 38-Hydroxysterol —, rat liver, 
homogenate, activity, fractionation, 
Yamasaki, Noda and Shimizu............ 
: , purification, 


> > 

specificity, inhibition, Yamasaki, Noda 

ANA ASRUMIZU Ty Ga ca weeeca re oseeeeac ssn sae 
—: y-Ray irradiation, effect, Tanaka, 

Hatano and Ganno 
Deoxyapyrimidinic acid : 

deoxyribonuclease, behaviour, Take- 


Pancreatic 


PLU. ORS Eee ES DOP EE TBCOE AOD OCP ODE OO OO ECURCERC 
Deoxycholic acid: Dehydrocholic acid, 
transformation, rabbit, Yamasaki, 


Wakutani, Takimoto and Shimizu 

Rat and human, blood 
choresterol, decreasing effect, Yama- 
saki, Shimizu, Yasumizu and Sugihara... 
Pancreas, deoxy- 


Deoxyribonuclease : 
riboapyrimidinic acid, behaviour, 
Takemura 

Deoxyribonucleic acid: 
protein synthesis, Escherichia coli B, 
phosphatede and RNA 
degradation, Horiuchi 


eee emer ese een eeeeeesseeseeseeeeee 


ficient, 


Deoxyribose: Bacterial — transferase, 
purification, properties, Kanda and 
Takagi 

Desaminocanavanine : Hydrogenolysis, 


Makisumi 
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Desulfovibrio: Cell-free extracts, sulfate 
reduction, Ishimoto 
Desulfovibrio desulfricans : 
c, amino acid composition, Takahashi, 


Peewee encore ereaeeee 


Cytochrome 


Titan’ and Minakamieecsssnes cesses esse 
Rat liver mitochondria, 
effect, 


Detergent : 
oxidative phosphorylation, 
Imamoto 
Synthetic —, 
effect, Yonetani 
Diabetes: Sodium cholate, induced, 
bile acids, effect, Yanagisawa 
Diazo-coupling : Cytochrome c, struc- 
ture, Ishikura, Takahashi, Titani and 
Minakaininas dsnasvececdesterstesscrettoacones 
Diisopropyl fluorophosphate : Crystal- 
line bacterial proteinase, complex 
optical rotation, Fuke, Matsubara and 
Okunuki 


cytochrome a, 


Cyanide-activated papain, 
inhibition, Masuda 
Dinitrophenylation : 
Ikenaka 
Diphosphopyridine nucleotide : 


Taka-amylase A, 


eee eee eee eee eee eee ee eee eee eee eee ee 


L-gulonic acid dehydrogenase, guinea 
pig, liver, Ishikawa 


Dissociation constant: Uric acid and 
creatinine, measurement, Yoshimura, 
Asada and Iwanami 

Dog: Pyridine compound, methyla- 
tion Okuda nner mien cet Oran eee 

Duck : 
tions, heme synthesis, iron concentra- 

effect, Tanaka, Morimoto, 

Kagawa, Minakami and Yoneyama ... 


eee eee eeeenceeesene 


Erythrocyte, various prepara- 


tion, 


E 


Egg: — white lysozyme, glycol chitin, 

action, Hamaguchi and Funatsu ...... 
and -lip- 
ovitellin, homogeneities, properties, 
Sugano 


—: Yolk proteins, a- 


SO meee meer arene ee erenrenenvessseseene 


—: ——,, f-lipovitellin, polyanions, 
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E (cont’d) 
interaction, electrophoretic 


Sugano 


study, 
Wheat 
germ, particulate, peroxidase, effect, 
MALADAsAndaSNUMem. cee cece tec nee nceen ee 
Electroshock : free 
acids, influence, Okumura, Otsuki and 
INGIRTR teeaieRce BCOCCROOE SOR TEC Ono GEEEE 
Erythrocyte : 


Electron transporting system : 


Brain, amino 


Avian, soluble prepara- 


tion, heme synthesis, Kagawa, 


Minakami and Yoneyama  ...ccccsceceees 
—: Duck, various preparations, heme 
synthesis, iron concentration, effect, 
Tanaka, Morimoto, Kagawa, Minakami 
TUS GONE) LING Meneen ce atencas see take cen ecenes 
—: Human, P-labeled adenosine 
triphosphate, preparation, Tatibana, 
Nakao, Miyamoto, Sekiguchi and 
SWOSNIRAWAM Sea dee tes .ctates Seclotes oes aceeere ee 
—: Human, phosphorus metabolism, 
Nakao, 
NIT OUST CIM Sasi ecko meena rie tereis'e see ees 
Escherichia coli: 
cells, nitrate 
soluble, Itagaki and Taniguchi ......... 
— — B, phosphate deficient 
medium, RNA degradation, DNA 
and protein synthesis, Horiuchi ...... 
Cell and subcellular prepara- 
tion, 6-azauracil, effect, Otsuji and 
TEABANI, “Ssodob dep OCOAR ECAC OUR OODRCOLECOCAOR IO 
Glucose-1-phosphate phospho- 
transferase, riboflavin, phosphoryla- 
tion, Katagiri, Yamada and Imai 
Nitrate reductase system, 
electron transport system, solubiliza- 
tion, lida and Tanigucgi 
Ethanol: Oxidation, acetic acid-bac- 
teria, Nakayama .......ccsceereereveenceoes 
Ethanolamine: Phosphatidyl—, puri- 
fication method, Sakagami, Shimojo 


and YoKoyamd .....sceecseersovnsseersceoes 


Yoshikawa, Miyamoto and 


Aerobically grown 


reductase system, 
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Ethylisocyanide: Reaction, reduced 
hemoglobin, urea effect, Okazaki 
and Tsushima 


Euglena gracilis: Chlorophyl forma- 


tion, Nishimura and Huzisige ......... 

— —: Hematin compound, Nishi- 

MUTD a vieneesnansGeands cacereesctnssanenereees 
F 

Fatty acid: O-C,y, — —s, serum 


albumin, tryptic digestion, effect, 
Kondo 


Fermentation: Alcoholic —, yeast, 
uranyl ion, inhibition, Kijima ...... 
Fibroin: Silk, biosynthesis, in vivo, 
non-uniform labeling, Shimura, 


Kobayashi, Hoshi and Sato ..........0.0.+ 
—: Silk — palladium catalyst, oxalo- 
acetic acid decarboxylation, Fujii... 
Fish : acids, 
compounds, chromatography, Oku- 


Free amino related 


mura, Otsuki and Aoyama ............00+ 
—: Spermatozoa, protamines, heter- 
ogeneity, Ando and Sawada ............ 
Fructose-l-phosphate: Ion exchange 
separation, using borate, Hara ...... 
Fumaric reductase: Apparently uni- 
directional catalysis, 
consideration, Takamiya .............+ 
Fur: Rat, t-kynurenine, preparation, 
Ha shimotos sissies. canscescesescackecsaetseeh 


possibility, 


Methylation,  5- 
formation, 


Gentisic acid: 
methoxysalicylic 
Sakamoto, Inamori and Nasu ........+++ 

Gigi-fish: Bile, tetrahydroxynorster- 
ocholanic acid, isolated, chemical, 
nature, Shimizu, Héri and Yamasaki... 

Alkaligenic acid, quan- 

chromatography, 


acid, 


Glucosamine : 
titative analysis, 
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G (cont’d) 
Bacteria, glutamic acid, a- 
ketoglutaric acid, formation, Shiio, 


Glucose : 


Otsuka-and Bsumoda- 03....c0sdestesse-e 
—: Brevibacterium flavum No. 2247, 
glutamic acid formation,  Shzio, 
OlsukaMand TeSUnCT as wise eean a cenenoese ees 


Glucose-l-phosphate: —  phospho- 


transferase, Escherichia coli, riboflavin, 


phosphorylation, Katagiri, Yamada 
CNA ia Yass s smarsenoansses conten sivecssssrase 
Glucuronolactonase : — and gulonol- 
ACLONASE MY U7NGd ds meenan are eae serene aeed 
Glucuronolactone: pb- —, and L- 


gulonolactone, enzymatic formation, 
YO DT et PORE ER CECE CERES OSCE 
Bacillus 
pumilus, y-aminobutyric acid, Tsunoda 


Glutamic acid: Formation, 


GHATS Nitone) Wanuene sos sctere neces seas 1011, 
= —, bacteria, acetic acid, 
Shiio, Mitsugi and Tsunoda ............ 
—-—: —, —, from glucose, Shiio, 
Otsukavard Vl stnoda quscccss-+ onc sataee= 
— —: —, Brevibacterium flavum No. 
2247, glucose, Shiio, Otsuki and 
MPSUNODH Pee tterassentcaruedtaast caster ceecors 
Glutamic acid dehydrogenase: See 
Dehydrogenase 
Glutamico-deshydrogenase: See De- 
hydrogenase 
Glutamyl polypeptidase: See Pepti- 
dase 


Glutamyl polypeptide: See Peptide 
Glycol chitin: See Chitin 
Glycolipide : Oyster, nitrogenous com- 
ponents, structure, Nakazawa 
Glycopeptide: See Peptide 
Glycyl-lysinamide: Mono-, di-, 
and _ tetra-glycyl-t-lysinamide, 


psin, action, Zzumiya and Uchio 
di-, 
and penta-glycyl-L-tyrosine, 
carboxypeptidase, 


Glycyl-tyrosine: | Mono-, tri-, 


tetra- 


action, JzZumiya 
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and (UCht0) cxsacsasmaneecee nee eeaeide Sora 
Guinea pig: Liver, diphosphopyridine 
nucleotide t-gulonic acid dehydro- 


genase, Ishikawa 


Gulonic acid: Diphosphopiridine 


nucleotide t- — — dehydrogenase, 
guinea pig, liver, Ishikawa 


see eteeeeee 


Gulonolactonase : Glucuronolactonase 


and =, Yamada wicertevescar oaveeeaesoes 

Gulonolactone : L—, and p-glucuronol- 

actone, enzymatic formation, 

Yamada wie cave. cndtotoctete acne tres toneeen 
H 


Heart: Beef, horse, whale, cytochrome 
c, amino acid composition, Taka- 
hashi, Titani and Minakami 

Horse, 


ete eeeeeeee 


cytochrome c, _ triptic 
hydrolysis, peptides, separation, 
Takahashi, Titani and Minakami 


muscle, 


mammalian, cyto- 
determination, 


Mizushima, 


chrome c, native, 
properties, Yamanaka, 
Horto sands OK unulatrencse nce ene eee eee 


Phospholipide, chromatographic 


separation, Sakagami, Shimojo and 
Yokoyama Wasanwenaseoe ve sasnene ste eeeenete 
Hematin: Euglena gracilis, Nishimura... 


Heme: “Affinity to proteins, Kajita, 


Uchimura, Mizutani, Kikuchi ana 
KAZ 0 Sasi ak Bee eh caterer oes 
—_ Synthesis, avian erythrocytes, 


soluble preparation, Kagawa, Mina- 
kami and Yoneyama 


—: —, duck erythrocyte, various 
preparations, iron concentration, 
effect, Tanaka, Morimoto, Kagawa, 


Minakami and Yoneyama 


Hemoglobin: Reduced —, reaction, 
ethylisocyanide, urea effect, Okazaki 
and “ESUshtma Secsoneeestsnessccst cents 


See Protein 
Mytilus 


Hemoprotein : 


Hepatopancreas : edulis, L- 


347 


347 


361 


529 


1323 


1437 


121 


1607 
219 


593 


771 


957 


433 


‘ 


H (cont’d) 
canavanine, §-guanidinoxypropionic 
acid formation, Nakatsu 

Histidine: — decarboxylase, Proteus 
morganii, formation, 
effect, Ando 

Homoarginine : 


8-azaguanine, 
Trypsin and papain, 
action, Kitagawa and Izumiya 


Homogentisicase : Kinetic study, 
ROK) GINA ANI a ORS hen ee shot tes 
—: Purification, ferrous ion, role, 
LS ORM OMAP atin cote one eas See Tae 
—: Stoichiometry, reactive group, 
TOKUNGIR GL ate etties deo soe teeamckaeeese 
Horse: Heart, cytochrome c, amino 


acid composition, Takahashi, Titani 
and Minakami 


—,—, triptic hydrolysis, peptides, 


separation, Takahashi, Titani and 
Vit Gk Opi eee de scant cess tnercactes sprees 
Human: Blood choresterol, deoxy- 


cholic acid, effect, Yamasaki, Shimizu, 


Vasumizu and Sugihara ..cccccocececceees 


Erythrocyte, phosphorus metabo- 
Nakao, 


lism, Yoshikawa, Miyamoto 

and Yanagisawa 
—: —, P-labeled adenosine triphos- 
phate, preparation, Tatibana, Nakao, 
Miyamoto, Sekiguchi and Yoshikawa... 
Bacterial 


Hydrazinolysis : glutamyl 


polypeptidase, structure, Torii ...... 
Hydrogen: $- —, amino acid, trans- 


aminase action, water, exchange, 
OS ANG GMIV Gs «seas comaner cemeseslnas 
Hydrogenolysis: Desaminocanavanine, 


Makisumi 


Hydroxamate: Mycobacteriaceae, for- 
mation, hydrolysis, Kimura ......... 
Hydroxylamine: Nicotinyl group 


transfer, from nicotinamide, Myco- 
bacterium avium, Kimura 
dehydrogenase : 


Hydroxysterol 
Dehydrogenase 


1339 


875 


1159 


1559 


135379 


1453 


1323 


Loe 


807 


83 


711 


1133 
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Hypothyroid: Urine, . ampholyte, 
isolation, Mizuhara, Okuda, Kurahashi 
CTR URUGLOS NA nope rota ee PRE eonior 

I 
Insulin: — hypoglycemic coma, 


brain, free amino acids, influence, 
Okumura, Otsuki and Nasu 
[81_, rat, distribution, portal 


vein, injection, Yanagisawa, Nakao 
Gnd SVoshika@arwtars cetera 
Iodination: Cytochrome c, structure, 
Ishikura, Takahashi,  Titani and 
Minako ener ree ae 
Iodine: I'3! insulin, rat, distribution, 
portal vein, injection, Yanagisawa, 
Nakao and Yoshikawa ......ccecscecscecees 
Duck 


preparations, hemesynthesis, effect, 


Iron : erythrocyte, various 


Tanaka, Morimoto, Kagava, Minakami 


ANd SVONEVATING -eruhnonna nile meee saedee beer 

a Ferrous ion, homogentisicase, 

TOE MOKUpamMa Wer saree eae ves eenee heer 
K 


Kanamycin : — and Viomycin, nucleic 

acid, precipitation, Tsukamura and 
TEST ROTRUT A Sates ap dee ereeitelt eel esieee Meenas 
Nicotinsaure, 
Okuda 


Keto acid'5 an 


Kaninchen : Papier- 


chromatographie, Okuda ............ 
oxidation, 
biotin, function, Katsuki ...........004+ 


——: a- —, Piricularia ori Zae, 


biotin-deficient, accumulation, Katsu- 


eas! 1. Saaweuseaaaetded sts armeaaaemaia nee Sulareaons 
Ketoglutaric acid: a- —, bacteria, 
from glucose, Shiio, Otsuka and 
ESTO Aka wratactenorreteametssisestoes aeeee east ts es 
Kidney: Beef, cytochrome c, crystal- 
lization, Hagihara, Tagawa, Sekuzu, 
Morikawa and Okunuki cicsccccsceseeeees 
Kynurenine: L-—, rat, fur, prepara- 
€1OM, Hashimoto ..cccoesercacsreoesresseees 


XXill 


101 


247 


1127 


TALS: 


1127 


957 


1379 


1193 


1057 


979 


621 


1597 


XXIV 


L 


Lecithin: — and lysolecithin, catabo- 
lism, avian tubercle bacilli, Hoshino... 
Leucine aminopeptidase : See Peptidase 


— P60, 8- 


azaguanine resistant- and 8-azaxan- 


Leuconostoc mesenteroides : 


thine resistant-strains, metabolism, 
OK UG GeANd SAWAycnectempies scene atee 
Lipase: Rhizopus, purification, Tatsu- 
oka, Miyake, Wada and Imada......... 
Lipovitellin: a- and $- —, egg yolk, 
homogeneities, properties, electro- 


phoresis, ultracentrifugation, Sw- 


CONC Manas ocsmensieadeenes jiedseealceeses ssc 


== B- > ’ 


—, polyanions, 
interaction, electrophoretic 


Sugano 


study, 
Liver: Guinea pig, diphosphopyridine 
nucleotide t-gulonic acid dehydro- 
eMase, pl Sihardweaeacncaeeandteeteee 
Rat, extract, 3-keto and 3-hydroxy 
bile acids, interconversion, Ogura... 
—, 38-hydroxysterol dehydrogen- 
ase, activity, fractionation, Yamasaki, 
Noda and Shimizu 
—, —, purification, specificity, 
inhibition, Noda 


Yamasaki, and 


SS LIMUZIespatns «ca Sands On. eee waiawah Bee 


—, microsome, ribonucleoprotein 


Tashiro 


particles, electrophoresis, 


and Inoue 


—, mitochondria, oxidative phos- 


phorylation, detergents, effect, 


Imamoto 


—, sulfate conjugation, phenolic 


compounds, Sato, Yamada, Suzuki 


and Fukuyama 


Phospholipide, chromatographic 


separation, Sakagami, Shimojo and 


WV OKOVAING. acisesieoun vanced stnentealeessincahies 


e-lysine 
Pseudomonas sp., Wada 


Lysine: a@- and acylase, 


825 


1077 


1023, 1141 
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—: Derivatives, trypsin and papain, 
action, Izumiya, Okazaki, Matsumoto 
and Takiguchi 

iNiss 
metrical hydrolysis, Wada 

See Lecithin 

Egg white, glycol chitin, 
action, Hamaguchi and Funatsu 


N:-Diacyl-DL- —, 


Lysolecithin : 
Lysozyme: 


M 


Malonate: Carbon dioxide fixation, 
Mycobacterium avium, Kusunose, Kusu- 
nose, Kowa and Yamamura...........+.++ 

Maltosidase: a- — activity, 

amylase A, Matsubara, Ikenaka and 

Akabori 


Mammal : 


Free amino acids, related 


Oku- 


compounds, chromatography, 

mura, Otsuki and Aoyama 
—: Heart muscle, native cytochrome 
c, determination, properties, Yama- 
naka, Mizushima, Horio and Okunuki... 
Metabolic pathway: Evolution, ther- 
modynamics, Mizunoya..........sccecees 


Metabolyzing process: Stationary and 
non-stationary state, cyclic process, 


Mizunoyar, sciccscasucske cesses etarence tees 
Metaperiodate: Complement, effect, 
Sato ands FUNAK OSI awatenseaeede~ sooo 
Methylation: Gentisic acid, 5- 
methoxysalicylic acid, formation, 
Sakamoto, Inamori and Nasu ............ 
— Pyridine-compound, animal 
ORGdG:, > sepnisnrenindstonanen Beton re ee eae eee 
—: Pyridine, dog, pyridine dosed, 
Okuda cencsasoacustnonasecevacce teen eeaeneee 
Microsome: Rat, liver, ribonucleo- 
protein particles, electrophoresis, 


Lashirowand clnoile aac s.ccateeeee ee 

Ribonucleoprotein particle, alkari 
and saline, effect, Tashiro and Inoue... 
Mitochondria: —l1 particles, Aspergil- 


lus oryzae, oxidation system, Imamoto, 


1347 


445 


1659 


525 


425 


207 - 


rt 


213 


535 


281 


1667 


73 


967 


1234 
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M (cont’d) 

Iwasa and Okunuki 
Rat, liver, oxidative phosphoryl- 
ation, detergents, effect, 


Ima- 
Re oesenk sistem eee aces ceiae 1023 
Mollusc: 2-Aminoethanesulfinic acid, 
isolation, Ouchi 
Muscle : 
cytochrome c, determination, pro- 
perties, Yamanaka, Mizushima, Horio 
ns OKUN Ui eew eee waa asec 
Mycobacteriaceae : 


Heart, mammalian, native 


Amide, metabolism, 
hydroxamate, formation, hydrolysis, 
Kimura 


Extract, amidase and transferase, 
‘ 
Kimura 


Carbon dioxide 


fixation, malonate, Kusunose, Kusu- 


Mycobacterium avium : 


nose, Kowa and Yamamura 


Nicotinamidase, purification, 
properties, Kimura 


Nicotinotransferase, Kimura... 
group _ transfer, 
nicotinamide to hydroxylamine, Ki- 


Nicotinyl 


WUT Aronian sia seisdces Se. ses sas estes aia do sais se 
Mycrococcus pyogenes : 
carotenogenesis, Suzue 
Myosin: — A, adenosinetriphosphat- 
ase, organic solvent, 
Ebashi and FE bashi 
— A and B, pyrophosphate, 
binding, Tonomura and Morita 
— B, adenosinetriphosphatase 
activity, pyrophosphate, activation 
and inhibition, Uchida 
—: —B-adenosinetriphosphate system, 
kinetic analysis, Nihei and Tonomura... 
— B, pyrophosphate, elongation, 
dissociation, Nihei and Tonomura 
Mytilus edulis: | Hepatopancreas,  L- 
canavanine, -guanidinopropionic 
acid formation, Nakatsu 


— — var aureus, 


activation, 


see e rer eeeteeeees 


,1141 


765 


121 


1399 


1271 


525 
973 
97 
1133 


1497 


1255 


1367 


N 


Nicotinamidase: Mycobacterium avium, 
purification, properties, Kimura...... 
Nicotinamide: Nicotinyl group trans- 
fer, to hydroxylamine, Mycobacterium 
HOD UG PIITE acpcnosnccbonbsaboenconbesnee 
Nicotinotransferase : 
QUINT MUN UN menanante ee enenetee ren ete reee 
Nicotinsaure: |Kaninchen, 


chromatographie, Okuda 


Papier- 
Nitrate-reducing system : 
pedalis, 

soluble, 


Vigna sesqui- 
germinating cotyledons, 
cytochrome-lacking, Oh- 
machi, Taniguchi and Egami 
Escherichia 


coli, aerobically grown cells, soluble, 


Nitrate reductase system : 


Uigcakinand Mani fuchtinaenssmeeeree ete 
: , electron transport 


system, solubilization, Lida and Tani- 
QUE tg ecteos onc benuc unas oeecbces geeteneeetees 
Nitrite : — reduction, enzyme system, 
properties, Asano 
: Reductase, separation, particulate 
and soluble components, Asano...... 
p- —, hydrolysis 
and transsulfation, Caronia lampas, 
Suzuki, Takahashi 


Nitropheny] sulfate : 


cell-free extract, 
CONG AH COMM a eahincicene etic nen eter 
Nucleic acid: Kanamycin and Vio- 


mycin, precipitation, Tsukamura and 


DE SUKQMUYG cas coe cae as'eeisaseis pace seeceweceenees 
Nucleotide: Specificity, baker’s yeast, 
thiaminokinase, KaZiro  ...........000. 
—: Yeast thiaminokinase, specificity, 
metal concentration, Kaziro and 
IS HIDEO) eocbocnccccOaO bo HO CON AOOBOOOOONC 
oO 
Oligosaccharide: BCG, Wax OD, 
chemical structure, Nojima ........++++ 
Ornithine: Derivatives, trypsin and 
papain, action, Izgumiya, Okazaki, 


XXV 


973 


1133 


97 


1057 


911 


1419 


1193 


1587 


963 


607 


XXVI 
O (cont’d) 
Matsumoto and Takiguchi ...........000+ 
Oxaloacetic acid: | Decarboxylation, 
silk fibroin-palladium catalyst, 
YO eae NCCE TH ac OCE CRORE ARE OOPUCOUEEE 
Oxidase: Amine —, chloropromazine 
and its analogues, effect, Nakajima... 
—: Pyruvic —, inhibitors, action, 
UNO LOMAM ere ete sec amametences rec ebenesuecee 


Oxidation system: Aspergillus oryzae, 
particles, 


Iwasa and Okunuki 


mitochondrial Imamoto, 


Rat liver 
effect, 


Oxidative phosphorylation : 
mitochondria, detergents, 
WINATIOLO cea tacteretterseecostecse nese 


Glycolipide, 
components, structure, Nakazawa ... 


Oyster : nitrogenous, 
P 


Palladium : 
oxaloacetic 


Silk fibroin- — catalyst, 
acid decarboxylation, 
Fujii 


Pancreas: —tic deoxyribonuclease, 


deoxyriboapyrimidinic acid, behav- 
iour, Takemura 


— —tic 


ribonuclease, specificity, 
acid, behaviour, 


Miyazaki 


riboapyrimidinic 


Takemura, Takagi, and 


LSU dae eecdst cites sti acueccaceseracacate 
group, aldehyde 
reagents, inhibition, activators, ef- 
fect, Masuda 

Cyanide-activated, diisopropyl- 
fluorophosphate, inhibition, Masu- 
da 


Papain: Active 


a-N-benzoyl-L-canavaninamide, 
Ny GTOMVSISs VGhQ0St seeuacceecreereeeet 
— Trypsin and —, a@-amino-y- 
guanidinobutyric acid derivatives, 
homoarginine, action, Kitagawa and 
Li HUN estan aay einwiae sacs aaa ue esis sins eet 


— — —, diaminobutyric acid, 
ornithine, lysine, derivatives, action, 


141 


jll41 


1579 


1069 


1285 


1149 


1489 


1569 


945 
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Izumiya, Okazaki, Matsumoto and 
DGRISUCHD erases caee conte secaetreer eeer 
Pepsin: Fragments, active, prepara- 


tion, nature, Funatsu and Tokuyama... 
Peptidase: Amino—, cytochrome c, 
treatment, Titani, Ishikura and Mina- 


kami 


poly—, 
structure, hydrazinolysis, Torii 


Bacterial 


glutamyl 


Carboxy—, cytochrome c, treat- 
ment, Titani, [shikura and Minakami... 
di-, 
tetra- and _ penta-glycyl-L-tyrosine, 


— Carboxy—, mono-, tri-, 


action, Jzumiya and Uchio 


Leucine amino—, L-cysteic acid 


amide, hydrolysis, Ouchi, Tanaka 
and Weumiya' sree Sanaa cs cones tet ee 
Peptide: Horse heart, baker’s yeast, 


cytochrome c, triptic hydrolysis, 
chromatographic separation, Taka- 
hashi, Titani and Minakami 


Glutamyl poly—, Bacillus mega- 


terium, enzymic hydrolysis, Torii 
Glyco—, 


Taka-amylase 
structure, Tsugita and Akabori 


Phospho—, crystalline bacterial 
proteinase;) Matsubara <eec.ces eeeceeee 
Taka-amylase A, _ structure, 
Tsugita, Ikenaka and Akabori 
N-Terminal —, Taka-amylase A, 
Narita and Akabori 


Peroxidase : 


Wheat germ, crystalliza- 
tion, properties, Tagawa and Shin ... 

— —, particulate electron trans- 
porting system, effect, Tagawa and 
Shin 
Phenolic acid : 


Chromatographic sepa- 
ration, Seki, Inamori and Sano ...... 

p-Methyl—and _—p- 
metabolism, 


Phenylalanine : 
methoxy—, Umezawa, 
Sakamoto and Ichihara........1.0.0.0ceeeee 

Phenylazobenzoylation : Taka-amylase 


A, modification, Ikenaka 


235 


185 


1437 


513 


695 


107 


475 


91 


865 


875 
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P (cont’d) 
Phenylisopropylmethylamine: 6- —, 
brain, free amino acid, influence, 
administration, Okumura, Otsuki and 
Nasu 
Phenylpyruvate : p-Methyl—, metabo- 
Sakamoto and Ichi- 


Poe e emer eeree secre esse eeereetesesseseeece 


lism, Umezawa, 


ELAR Rokr Grea da COS CENCE ZA eH EE EARP 
Phosphatidylethanolamine: See Etha- 
nolamine 
Phosphatidylserine: See Serine 


Phospholipide : Liver, heart, column 


chromatographic separation, Saka- 
gami, Shimojo and Yokoyama ......... 
—: Tissues, P?? incorporation, Saka- 
gami, Shimojo and Minari ..........6.6+. 
Phosphopeptide: See Peptide 
Phosphorus: Human = erythrocyte, 
acid-soluble P, P32 incorporating, 


chromatographic separation, Yoshi- 
kawa, Nakao, Miyamoto and Yanagi- 
sawa 


P82 Incorporation, tissue, phos- 


pholipids, Sakagami, Shimojo and 
IVIGHATU Reet cseonecoeneue tree ease eee 
—: P2-labeled adenosine  triphos- 


phate, human erythrocytes, prepara- 
tion, Tatibana, Nakao, Miyamoto, Seki- 
guchi and Yoshikawa 
Phosphorylase: Activity determina- 
tion, B-amylase, Nakamura 
Glucose-1-phos- 


Phosphotransferase : 
phate —, Escherichia coli, riboflavin, 
phosphorylation, Katagiri, Yamada 
and Imai 

Phycobilin : 
spectroscopic 


Blue-green and red algae, 
study, Hattori and 
Fujita 

Crystalline — chromoproteids, 
Tolypothrix tenuis, Hattori and Fujita... 


—: Tolypothrix tenuis, formation, Hattori 


ana Fujita 
——,—, pre-illumination, effect, 


247 


941 


1607 
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83 


51 


711 


199 


1119 


903 


633 


521 


XXVil 
ISTO GO CRE LOTTIE. oc aormosacbinvansdonooce 1259 
Piricularia oryzae: Biotin-deficient, a- 
keto acid, accumulation, Katsuki ... 621 
Plasma: Bovine, albumin subfractions, 
heat denaturation, chromatography, 
Sogami and Takemoto ........1c0ceceeceses 1395 
Polyanion: Egg yolk, §-lipovitellin, 
interaction, electrophoretic study, 
SUZANO, oo Ate tec Ree 549 
Progressive muscle dystrophy: Sera, 
creatine phosphokinase activity, 
Ebashi, Toyokura, Momoi and Sugita... 103 
Propionic acid: $-Guanidino— —, 
formation, Mytilus edulis, hepatopan- 
creas, L-canavanine, Nakatsu ......... 1339 
Protamine: Clupeine and _ salmine, 
amino acid composition, Ando, Ishii 
ONES ALO’ Veasedencboon So ccecacetuarocse eases 933 
—: Fish, spermatozoa, heterogeneity, 
VAT:d0s Gnd WS AWA irae aseaecere eee cnins 517 
Protease: Acid—, Aspergillus oryzae, 
trypsinogen-kinase, relation, Naka- 
HOST heacibioceae Cogn NOOSE RAD AUGER Ee GNOOEC 1263, 1411 
—: Streptomyces griseus, general pro- 
perties, Nomoto and Narahashi......... 1645 
—: —-—, purification, Nomoto and 
Nar ahashimacsranceneaser scene ee ee 653,839 
—: — -—~, purified preparation, 
homogeneity, Nomoto and Narahashi... 1481 
Protein: DNA and — = synthesis, 
Escherichia coli B, phosphate deficient, 
and RNA degradation, Horiuchi ... 1467 
—: Egg yolk —, a- and @-lipovitellin, 
homogeneities, properties, Sugano... 417 
—: — — —, f-lipovitellin, poly- 
anions, interaction, electrophoretic 
StUC isn SUSAN me steo ere sh eosw esse sence ens 549 
—: Enzyme —, glutamic acid 
dehydrogenase, thermal inactivation 
and denaturation, coenzyme, effect, 
TAL AKI. 2 thon san ood wec sents + seamen seer 1001 
: ; , urea, inactiva- 
tion, denaturation, Inagaki ..........4 893 


XXViil 
P (cont'd) 

Protein: Heme, affinity,  <Kayita, 
Uchimura, Mizutani, Kikuchi and 
IGT Aha. Sp AEG OB HOLE OER AECC CCN IG0 OOO 

—: Heme —, function and modifi- 
cation, Okazaki and Tsushima......... 

— — —, wheat germ, electron 
transporting system, peroxidase, 
CHeEGt LaLawa rand Shin: warsesuscsttese 
: , , peroxidase, crystal- 


lization, properties, Tagawa and Shin. 
—: Ribonucleo— particle, microsome, 
alkali effect, Tashiro 
and Inoue 


and saline, 


—: —, rat liver, microsome, ele- 


ctrophoresis, Tashiro and Inoue ...... 
—: Serum albumin, tryptic digestion, 
fatty acids, effect, Kondo 


, turbidometric titration, 


Sogami 


Proteinase: Crystalline bacterial —, 
denaturation, diisopropyl fluorophos- 
phate, complex, optical 
se Matsubara and Okunuki 
—: — — —,, diisopropyl fluorophos- 
aie inhibited, phosphopeptides, 
Matsubara 


Proteus morganit : 


rotation, 


Amino acid decar- 
boxylase, formation, 8-azaguanine, 
effect, Ando 


, single inducer, 
simultaneous formation, Ando 


Pseudomonas 


Aeruginosa: Respiratory 


components, physiological function, 
Yamanaka 


Pseudomonas sp.: a- and_ e-lysine 
acylase Wiadausie, «0 csaaoneeeseniaeies 
Purine: — and pyrimidine, Bacillus 


subtilis, uracyl- and adenine requir- 
ing mutant, amylase, formation, 
effect, Hosoda, Kohiyama and Nomura... 
Pyridine: N-Methyl—, rabbit, urine, 


593 


433 


875 


865 
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1331 
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paper chromatography, detection, 
Okuda 
—: Methylation, dog, pyridine dosed, 
Okuda 
Pyridoxal : 


Per eeeereree errr ere ree eee 


Perea cena teres eres eeeeaseessessssesse 


See Pyridoxine 
Pyridoxine: — and pyridoxal, sulfate 


conjugation, rat liver, Sato, Yamada, 


SUZUKI ANG TURUY CNM enteeecnen-<mecnese. 
Pyrophosphate: Myosine A and B, 
binding, Yonomura and Morita ...... 


—: Myosin B, adenosinetriphosphatase 
activity, activation and inhibition, 
Uchida 

—: —~, elongation, dissociation, Nihet 


and Tonomura 


Pyruvate kinase: Baker’s yeast, puri- 
fication, Washio, Mano and Shima- 
Zono 


Pyruvic oxidase: See Oxidase 


Q 
Quatamin 24 P: Oxidative phospho- 
rylation, stimulatory effect, succinate 
oxidation, Jmamoto 


R 


Rabbit: | Dehydrocholic 
deoxycholic 


acid to 
acid, transformation, 
Yamasaki, ~ Wakutani, Takimoto and 
SHIMIZU Ne hose Bh anc dere eens Coe geste cere 
—: Urine, N-methyl-pyridine, detec- 
tion, Okuda 
Radiation : 
Tanaka, 
Rat: 
acid, 


Gamma —., urease, effect, 
Hatano and Ganno 
Blood choresterol, 

effect, 
Yasumizu and Sugihara 


deoxycholic 
Yamasaki, Shimizu, 
—: Fur, t-kynurenine, preparation, 

Hashimoto 
—: [81 Insulin, 


ee ree rr iy 


distribution, portal 


vein, injected, Yanagisawa, Nakao 
Gnd VOshikaGwa -werceesecnoseset ener 
—: Liver extract, 3-keto and 3- 
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R (cont’d) 
hydroxy bile acids, interconversion, 
Liver homogenate, 3§-hydroxy- 


sterol dehydrogenase, activity, frac- 


tionation, Yamasaki, Noda and 
SHI ZU aaSene teas onc Serene sees 
—: —,—, purification, specificity, 
inhibition, Yamasaki, Noda and 
SE Zee eee eee ee 
—: Liver, microsome, ribonucleo- 
protein particles, electrophoresis, 
UOMOTD CG SUBVO soceoocdenodecebonbcoouc 
—: Liver mitochondria, oxidative 


phosphorylation, detergents, effect, 


OL INGINOLO MAO eee ROE Re eee 1023 
— Liver, sulfate conjugation, 
phenolic compounds, Sato, Yamada, 
SUZUKUCGnd SFUKWIVAMA stone sec ccedscseesee 

Ray: ;- —, albumin, irradiation, 
chromatography, Sogami, Tamura, 
Tmaivand (Shinalawa 7. 2eeeces.daeseceee 


y- —, dehydrogenase, irradiation, 
effect, Tanaka, Hatano and Ganno ... 
Reptile : 
compounds 
mura, Otsuki and Aoyama 


Free amino acids, related 
chromatography, Oku- 
Respiration : — stimulating substance, 


p-ribose, murine leprosy bacilli, 
Kusada 


Tooth germ, Sasaki 


Poem meee reer ene eereeseeseseeseeeseeeeee 


Respiratory system: Cyanide insensi- 
tive, terminal, Aerobacter 
Mizushima, Nakano and Sakaguchi ... 

Rhizopus: Lipase, purification, Tatsu- 
oka, Miyake, Wada and Imada 
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